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CROSS - REFERENCE TO RELATED An object of the present invention is to provide a tech 
APPLICATIONS nology capable of achieving excellent NO , purification 

performance . 
This application is a Continuation Application of PCT According to a first aspect of the present invention , there 

Application No. PCT / JP2017 / 045369 , filed Dec. 18 , 2017 , is provided an exhaust gas - purifying catalyst including : a 
and based upon and claiming the benefit of priority from substrate ; a first catalyst layer supported by the substrate ; 
Japanese Patent Application No. 2017-089403 , filed Apr. 28 , and a second catalyst layer provided on the first catalyst 
2017 , the entire contents of all of which are incorporated layer , wherein the first catalyst layer contains a mixture of a 
herein by reference . first supported catalyst containing a first heat resistant carrier 

and rhodium supported by the first heat resistant carrier , a 
FIELD second supported catalyst containing a second heat resistant 

carrier having a BET specific surface area of 100 m² / g or 
The present invention relates to an exhaust gas - purifying more and platinum supported by the second heat resistant 

catalyst . carrier , palladium , and a first nitrogen oxide storage mate 
rial , the second catalyst layer contains a mixture of a third 

BACKGROUND supported catalyst and a second nitrogen oxide storage 
20 material , the third supported catalyst containing a third heat 

In many motor vehicles , a conventionally used internal resistant carrier and platinum and palladium supported by 
combustion engine is a gasoline engine that supplies an the third heat resistant carrier , and the third supported 
air - fuel mixture having an air - fuel ratio close to the stoi catalyst having an alloying rate of platinum and palladium of 
chiometric air - fuel ratio to a combustion chamber during 40 % or more , and a mass of the second supported catalyst 
normal driving . Exhaust gas emitted from the internal com- 25 is greater than a mass of the first supported catalyst and 
bustion engine contains harmful components such as carbon greater than a mass of the third supported catalyst . 
monoxide ( CO ) , hydrocarbons ( HC ) , and nitrogen oxides 
( NO2 ) . For this reason , a three - way catalyst is mounted on BRIEF DESCRIPTION OF THE DRAWING ( S ) 
the motor vehicle as an exhaust gas - purifying catalyst for 
purifying these harmful components . The three - way catalyst 30 FIG . 1 is a perspective view schematically illustrating an 
promotes the oxidation of CO and HC in oxidizing atmo exhaust gas - purifying catalyst according to an aspect of the 
spheres and promotes the reduction reaction of NOx in present invention ; 
reducing atmospheres . FIG . 2 is a cross - sectional view schematically illustrating 

Meanwhile , a lean - burn engine has attracted attention as an example of a structure which can be employed in the 
an internal combustion engine to be mounted on a motor 35 exhaust gas - purifying catalyst illustrated in FIG . 1 ; 
vehicle from the viewpoint of diminishing fuel consumption FIG . 3 is a cross - sectional view schematically illustrating 
in recent years . The lean - burn engine is an engine that a first modification of the exhaust gas - purifying catalyst 
supplies an air - fuel mixture having an air - fuel ratio larger illustrated in FIGS . 1 and 2 ; 
than the stoichiometric air - fuel ratio to the combustion FIG . 4 is a cross - sectional view schematically illustrating 
chamber during normal driving . 40 a second modification of the exhaust gas - purifying catalyst 

The exhaust gas emitted from the lean - burn engine has illustrated in FIGS . 1 and 2 ; 
relatively low concentrations of CO and HC and relatively FIG . 5 is a cross - sectional view schematically illustrating 
high concentrations of oxygen ( 02 ) and NOn . Hence , it is a third modification of the exhaust gas - purifying catalyst 
difficult to sufficiently purify NO , contained in the exhaust illustrated in FIGS . 1 and 2 ; 
gas emitted from the lean - burn engine using only three - way 45 FIG . 6 is a graph illustrating an example of the NOx 
catalyst . purification rate ; 

Accordingly , a NO , storage and reduction catalyst ( NSR FIG . 7 is a graph illustrating an example of the relation 
catalyst ) has been proposed as an exhaust gas - purifying between the alloying rate of Pt and Pd and the NOx purifi 
catalyst for a motor vehicle equipped with the lean - burn cation rate ; 
engine . As described in Jpn . Pat . Appln . KOKAI Publication 50 FIG . 8 is a graph illustrating an example of the relation 
No. 2010-234309 and Jpn . Pat . Appln . KOKAI Publication between the amount of spinel oxide per unit volume and the 
No. 2015-151970 , the NSR catalyst contains a noble metal NO , purification rate ; and 
which promotes the reduction reaction of NO , and a NO , FIG . 9 is a graph illustrating an example of the relation 
storage material capable of storing and releasing NOx . As between the specific surface area of the second heat resistant 
NOx storage materials , for example , an alkali metal element 55 carrier and the NO , purification rate . 
such as potassium ( K ) , an alkaline earth metal element such 
as barium ( Ba ) , a rare earth metal element such as cerium DETAILED DESCRIPTION 
( Ce ) , or two or more of these are used . 

The NSR catalyst stores NO , when the air - fuel mixture Hereinafter , aspects of the present invention will be 
having the air - fuel ratio larger than the stoichiometric air- 60 described . 
fuel ratio is supplied to the combustion chamber and the [ Exhaust Gas - Purifying Catalyst ] 
lean - burn engine emits oxidizing exhaust gas . The NSR FIG . 1 is a perspective view schematically illustrating an 
catalyst then releases the stored NO , and promotes the exhaust gas - purifying catalyst according to an aspect of the 
reduction reaction of NOx when rich spike treatment to present invention . FIG . 2 is a cross - sectional view schemati 
decrease the air - fuel ratio to a value less than the stoichio- 65 cally illustrating an example of a structure which can be 
metric air - fuel ratio is performed and reducing exhaust gas employed in the exhaust gas - purifying catalyst illustrated in 
is emitted . FIG . 1 . 
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An exhaust gas - purifying catalyst 1 illustrated in FIGS . 1 The first heat resistant carrier 210 is typically crystalline . 
and 2 is a monolith catalyst . This exhaust gas - purifying The crystal structure of the first heat resistant carrier 210 can 
catalyst 1 is typically an exhaust gas - purifying catalyst for a be confirmed by X - ray diffraction ( XRD ) . 
lean - burn engine . As illustrated in FIG . 2 , this exhaust An average particle diameter of the first heat resistant 
gas - purifying catalyst 1 includes a substrate 10 such as a 5 carrier 210 is , for example , in a range of 5 um to 30 um and 
monolith honeycomb substrate . The substrate 10 is typically typically in a range of 5 um to 15 um . Incidentally , this formed of ceramics such as cordierite . “ average particle diameter ” means the value attained by the A catalyst layer 20 is formed on the partition walls of the following method . substrate 10. The catalyst layer 20 includes a first catalyst 
layer 20a supported on the substrate 10 and a second catalyst 10 the exhaust gas - purifying catalyst 1. Next , a SEM image of First , a part of the first catalyst layer 20a is removed from 
layer 20b provided on the first catalyst layer 20a . this sample is taken at a magnification in a range of [ First Catalyst Layer ] 

The first catalyst layer 20a contains a first supported 1000 - fold to 50000 - fold using a scanning electron micro 
catalyst 21 , a second supported catalyst 22 , palladium ( Pd ) scope ( SEM ) . Subsequently , particles which are observed as 

a whole are selected from the first heat resistant carriers 210 23 , and a first nitrogen oxide ( NOx ) storage material 24. The 15 
first catalyst layer 20a mainly plays a role of storing NO , in taken in this SEM image , and the areas of the respective 
an oxidizing atmosphere and reducing NO , in a reducing particles selected are determined . The diameters of circles 
atmosphere . having areas equal to these areas are respectively calculated , 

[ First Supported Catalyst ] and the arithmetic mean of these diameters is attained . This 
The first supported catalyst 21 contains a first heat resis- 20 arithmetic mean is adopted as the average particle diameter . 

tant carrier 210 and a first noble metal 211. The first A BET specific surface area of the first heat resistant 
supported catalyst 21 mainly plays a role of reducing NOx : carrier 210 is preferably 80 m² / g or more and more prefer 
The proportion of the first supported catalyst 21 in the first ably 100 m² / g or more . This specific surface area does not 

catalyst layer 20a is , for example , 25 % by mass or less , particularly have an upper limit value , but according to an 
preferably in a range of 10 % by mass to 20 % by mass , and 25 example , the upper limit value is 130 m- / g or less . When the 
more preferably in a range of 12.5 % by mass to 17.5 % by specific surface area of the first heat resistant carrier 210 is 

large , the dispersibility of the first noble metal 211 supported 
The amount of the first supported catalyst 21 per unit on the first heat resistant carrier 210 , palladium 23 , and the 

volume of the exhaust gas - purifying catalyst 1 is , for first NO , storage material 24 tends to be high . 
example , in a range of 15 g / L to 40 g / L and preferably in a 30 Incidentally , this " specific surface area " means a specific 
range of 25 g / L to 30 g / L . surface area determined by a nitrogen BET ( Brunauer , 

The NOx storage amount in the exhaust gas - purifying Emmet and Teller ) method , namely , a BET specific surface 
catalyst 1 tends decrease when the amount of the first area . The specific surface area based on this nitrogen BET 
supported catalyst 21 contained in the exhaust gas - purifying method can be determined by the following method . 
catalyst 1 is excessively increased . In addition , the NO , First , the nitrogen gas adsorption amount ( mL / mL ) to the 
purification performance of the exhaust gas - purifying cata first heat resistant carrier 210 for each pressure Pis measured 
lyst 1 tends to decrease when the amount of the first while gradually raising the pressure P ( mmHg ) of nitrogen 
supported catalyst 21 contained in the exhaust gas - purifying gas in nitrogen gas at 77 K ( boiling point of nitrogen ) . 
catalyst 1 is excessively decreased . Subsequently , the value attained by dividing the pressure P 

[ First Heat Resistant Carrier ] 40 ( mmHg ) by the saturated vapor pressure P. ( mmHg ) of 
The first heat resistant carrier 210 is typically formed of nitrogen gas is taken as the relative pressure P / Po , and the 

an inorganic oxide including zirconia ( ZrO2 ) , ceria ( CeO2 ) , nitrogen gas adsorption amount is plotted with respect to the 
alumina ( Al2O3 ) , or a composite oxide of these . The first respective relative pressures P / P , to attain an adsorption 
heat resistant carrier 210 preferably contains ZrO2 and more isotherm . Subsequently , a BET plot is calculated from this 
preferably a composite oxide of Ceo , with ZrO2 . 45 nitrogen adsorption isotherm and the BET equation , and this 

In a composite oxide of ZrO2 with at least one of CeO2 BET plot is utilized to attain a specific surface area . Inci 
and Al2O3 , the proportion of ZrO2 is preferably 22 % by dentally , a BET multipoint method is used to calculate the 
mass or more and more preferably 70 % by mass or more . BET plot . 
This proportion is not particularly limited , but according to [ First Noble Metal ] 
an example , the proportion is 93 % by mass or less . The NOx The first noble metal 211 is selectively supported on the 
purification performance of the first noble metal 211 tends to surface of the first heat resistant carrier 210. Here , to be 
be enhanced when the proportion of Zro , in the first heat " selectively supported ” means that approximately all of the 
resistant carrier 210 is increased . first noble metals 211 are supported on the first heat resistant 

In a composite oxide of CeO2 with at least one of ZrO2 carrier 210. However , this does not exclude the presence of 
and Al2O3 , the proportion of CeO2 is preferably in a range 55 the first noble metal 211 which is inevitably detached from 
of 10 % by mass to 40 % by mass or less and more preferably the first heat resistant carrier 210 . 
in a range of 15 % by mass to 25 % by mass or less . The NO , The first noble metal 211 contains rhodium ( Rh ) . The first 
purification performance of the first supported catalyst 21 noble metal 211 may contain a noble metal other than Rh but 
tends to decrease when the proportion of CeO2 in the first preferably contains only Rh . Rh and a noble metal other than 
heat resistant carrier 210 is excessively increased or exces- 60 Rh are less likely to form an alloy on the first heat resistant 
sively decreased . carrier 210 when the first heat resistant carrier 210 selec 

In the above composite oxide containing at least one of tively supports only Rh . The catalytic performance of Rh 
Zro , and CeO2 , the proportion of A1,02 is preferably 50 % and a noble metal other than Rh tends to decrease when Rh 
by mass or less . The NOx purification performance of the is alloyed with the noble metal other than Rh . For this 
first supported catalyst 21 tends to decrease when the 65 reason , the purification performance of the first supported 
proportion of A1,03 in the first heat resistant carrier 210 is catalyst 21 is less likely to decrease when the first noble 
excessively increased . metal 211 contains only Rh . 

35 

50 
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The first noble metal 211 promotes the oxidation reaction catalyst 22 increases and the NOx storage amount in the 
of CO and HC and the reduction reaction of NOx . Rh exhaust gas - purifying catalyst 1 can be increased . 
contained in the first noble metal 211 is excellent in pro The ratio M1 / M2 of the mass M1 of the second supported 
moting the NO , reduction reaction as compared with other catalyst 22 to the mass M2 of the first supported catalyst 21 
noble metals such as Pt and Pd . Reaction Formula ( 1 ) is 5 is , for example , 3.0 or more , preferably in a range of 4.5 to 
represented below in which NOx reacts with a reducing 5.5 , and more preferably in a range of 4.75 to 5.25 . 
agent R and nitrogen ( N ) and a reducing agent oxide ( ROZ ) The ratio M1 / M3 of the mass M1 of the second supported 
are generated . catalyst 22 to the mass M3 of the third supported catalyst 25 

is preferably in a range of 1.0 to 2.5 and more preferably in 
NOx + R > 1 / 2N2 + ROX 10 a range of 1.8 to 2.3 . ( 1 ) The proportion of the second supported catalyst 22 in the 

The first noble metal 211 is typically in the form of first catalyst layer 20a is preferably in a range of 70 % by 
particles . An average particle diameter of the first noble mass to 85 % by mass and more preferably in a range of 73 % 
metal 211 is smaller than the average particle diameter of the by mass to 82 % by mass . 
first heat resistant carrier 210. The average particle diameter 15 [ Second Heat Resistant Carrier ] 
of the first noble metal 211 is , for example , 40 nm or less and It is preferable that a BET specific surface area of the 
typically 20 nm or less . The lower limit value of the average second heat resistant carrier 220 is larger than the BET 
particle diameter is not particularly limited , but according to specific surface area of the first heat resistant carrier 210 and 
an example , the lower limit value is 0.1 nm or more . When larger than a BET specific surface area of the third heat 
the average particle diameter of the first noble metal 211 is 20 resistant carrier 250. The BET specific surface area of the 
set to be small , the contact efficiency between the first noble second heat resistant carrier 220 is 100 m² / g or more , 
metal 211 and the exhaust gas tends to increase and the preferably 120 m² / g or more , and more preferably 130 m?lg 
purification performance tends to be enhanced . Incidentally , or more . When the BET specific surface area of the second 
this “ average particle diameter ” means the value attained by heat resistant carrier 220 is large , the dispersibility of the 
a CO pulse adsorption method . As a CO pulse adsorption 25 second noble metal 221 supported on the second heat 
apparatus , a gas adsorption amount measuring apparatus resistant carrier 220 and the first NOx storage material 24 is 
manufactured by HEMMI Slide Rule Co. , Ltd. and the like enhanced and the NO , storage ability of the second sup 
can be used . ported catalyst 22 tends to be enhanced in an oxidizing 

The proportion of the first noble metal 211 in the first atmosphere . 
supported catalyst 21 is preferably in a range of 0.1 % by 30 The upper limit value of this BET specific surface area is 
mass to 5.0 % by mass and more preferably in a range of not particularly limited , but the upper limit value is 150 m² / g 
0.5 % by mass to 1.5 % by mass . The NOx purification or less according to an example and typically 135 m² / g or 
performance of the first supported catalyst 21 tends to less . Incidentally , the BET specific surface area can be 
decrease when the proportion of the first noble metal 211 in determined by the same method as the method of measuring 
the first supported catalyst 21 is excessively increased or 35 the BET specific surface area of the first heat resistant carrier 
excessively decreased . 210 described above . 

The amount of the first noble metal 211 per unit volume The second heat resistant carrier 220 typically contains an 
of the exhaust gas - purifying catalyst 1 is preferably in a inorganic oxide including Al2O3 , ZrO2 , CeO2 , titania 
range of 0.05 g / L to 1.0 g / L and more preferably in a range ( TiO2 ) , magnesia ( Mg02 ) , iron oxide ( Fe , 03 ) , barium car 
of 0.25 g / L to 0.5 g / L . 40 bonate ( BaCO3 ) , or a composite oxide of these . 

[ Second Supported Catalyst ] The second heat resistant carrier 220 is preferably an 
The second supported catalyst 22 contains a second heat alumina - based composite oxide containing Al2O3 and at 

resistant carrier 220 and a second noble metal 221. The least one oxide selected from the group consisting of ZrO2 , 
second supported catalyst 22 mainly functions as a NO , CeO2 , TiO2 , Fe2O3 , and BaCO3 . Specific examples of the 
storage material together with the first NO , storage material 45 alumina - based composite oxide include a composite oxide 
24 supported on the second heat resistant carrier 220 . of A1203 with ZrO2 , a composite oxide of Al2O3 with ZrO2 

The proportion of the second supported catalyst 22 in all and TiO2 , and a composite oxide of Al2O3 with MgO2 . 
the supported catalysts contained in the exhaust gas - purify The proportion of A1,03 in this alumina - based composite 
ing catalyst 1 is the highest . In other words , the mass of the oxide is preferably in a range of 40 % by mass to 70 % by 
second supported catalyst 22 contained in the exhaust gas- 50 mass and more preferably in a range of 50 % by mass to 65 % 
purifying catalyst 1 is greater than the mass of the first by mass . The heat resistance of the second supported cata 
supported catalyst 21 and greater than the mass of the third lyst 22 tends to be enhanced when the proportion of Al2O3 
supported catalyst 25. In addition , the mass of the second in the alumina - based composite oxide is increased . 
supported catalyst 22 contained in the exhaust gas - purifying When the proportion of oxides other than A1,03 in the 
catalyst 1 is preferably greater than the total amount of the 55 alumina - based composite oxide is increased , the stability of 
mass of the first supported catalyst 21 and the mass of the NO , stored in the first NO , storage material 24 supported on 
third supported catalyst 25 . the second heat resistant carrier 220 tends to be enhanced 

The amount of the second supported catalyst 22 per unit and the NO , storage ability of the second supported catalyst 
volume of the exhaust gas - purifying catalyst 1 is , for 22 tends to be enhanced . 
example , 100 g / L or more , preferably 125 g / L or more , and 60 The proportion of ZrO2 in the alumina - based composite 
more preferably 135 g / L or more . The upper limit value of oxide is preferably in a range of 0 % by mass to 40 % by mass 
the amount of the second supported catalyst 22 per unit and more preferably in a range of 25 % by mass to 35 % by 
volume of the exhaust gas - purifying catalyst 1 is not par 
ticularly limited , but according to an example , the upper In addition , the proportion of MgO in the alumina - based 
limit value is 150 g / L . When the amount of the second 65 composite oxide is preferably in a range of 10 % by mass to 
supported catalyst 22 is increased , the proportion of the first 30 % by mass and more preferably in a range of 15 % by mass 
NO , storage material 24 supported on the second supported to 25 % by mass . 

mass . 
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In addition , the proportion of TiO2 in the alumina - based 220 supporting Pt can further enhance the storage ability of 
composite oxide is preferably in a range of 5 % by mass to the NOx storage material as compared with a carrier which 
25 % by mass and more preferably in a range of 10 % by mass does not support Pt . 
to 20 % by mass . The second noble metal 221 is typically in the form of 

In addition , the proportion of Fe2O3 in the alumina - based 5 particles . The average particle diameter of the second noble 
composite oxide is preferably in a range of 0 % by mass to metal 221 is smaller than the average particle diameter of the 
5 % by mass and more preferably in a range of 0 % by mass second heat resistant carrier 220. The average particle diam 
to 3 % by mass . eter of the second noble metal 221 is 30 nm or less and more 

In addition , the proportion of BaCO3 in the alumina - based preferably 10 nm or less . The lower limit value of the 
composite oxide is preferably in a range of 0 % by mass to 10 average particle diameter is not particularly limited , but 
10 % by mass and more preferably in a range of 0 % by mass according to an example , the lower limit value is 0.1 nm or 
to 3 % by mass . more . When the average particle diameter of the second 

noble metal 221 is set to be small , the contact efficiency The second heat resistant carrier 220 is typically crystal between the second noble metal 221 and the exhaust gas line . The crystal structure of the second heat resistant carrier 15 tends to increase and the purification performance tends to 220 is preferably a spinel - type crystal structure . The second be enhanced . Incidentally , this average particle diameter can 
heat resistant carrier 220 having the spinel - type crystal be determined by the same measurement method as the 
structure tends to have a high BET specific surface area . method of measuring the average particle diameter of the 
Hence , the NO , storage amount in the exhaust gas - purifying first noble metal 211 described above . 
catalyst 1 tends to increase when an oxide having the 20 The proportion of the second noble metal 221 in the 
spinel - type crystal structure is used as the second heat second supported catalyst 22 is preferably in a range of 0.1 % 
resistant carrier 220. The crystal structure of the second heat by mass to 1.0 % by mass and more preferably in a range of 
resistant carrier 220 can be confirmed by X - ray diffraction 0.2 % by mass to 0.5 % by mass . The NOx purification 
( XRD ) . performance of the second supported catalyst 22 tends to 
The second heat resistant carrier 220 may be a mixture of 25 decrease when the proportion of the second noble metal 221 

different kinds of carriers . For example , the second heat in the second supported catalyst 22 is excessively increased 
resistant carrier 220 may be a mixture of the composite or excessively decreased . 
oxide of Al2O3 with Zro , and the inorganic oxide having the The amount of the second noble metal 221 per unit 
spinel structure . In this case , the proportion of the inorganic volume of the exhaust gas - purifying catalyst 1 is , for 
oxide having the spinel structure in the mixture of plural 30 example , in a range of 0.1 g / L to 1.0 g / L and preferably in 
kinds of second heat resistant carriers 220 is preferably 50 % a range of 0.2 g / L to 0.5 g / L . 

[ Palladium ] by mass or more . Pd contained in the first catalyst layer 20a is typically in Incidentally , in a case in which the second heat resistant the form of particles . These Pd particles 23 are typically carrier 220 is a mixture of plural kinds of carriers , the BET 35 supported on the first and second supported catalysts . specific surface area of the second heat resistant carrier 220 An average particle diameter of the Pd particles 23 is described above may be attained as a weighted average of smaller than the average particle diameter of the first and the BET specific surface areas of the carriers depending on second heat resistant carriers . The average particle diameter 
the mass ratio of the carriers . of the Pd particles 23 is preferably 10 nm or less and more 

The average particle diameter of the second heat resistant 40 preferably 3 nm or less . The lower limit value of the average 
carrier 220 is , for example , in a range of 5 um to 30 um and particle diameter of the Pd particles 23 is not particularly 
typically in a range of 5 um to 15 um . Incidentally , this limited , but according to an example , the lower limit value 
average particle diameter can be determined by the same is 0.1 nm or more . When the average particle diameter of the 
method as the method of measuring the average particle Pd particles 23 is set to be small , the contact efficiency 
diameter of the first heat resistant carrier 210 described 45 between the Pd particles 23 and the exhaust gas tends to 
above . increase and the NOx purification performance of the 

[ Second Noble Metal ] exhaust gas - purifying catalyst 1 tends to be enhanced . 
The second noble metal 221 is selectively supported on Incidentally , this average particle diameter can be deter 

the surface of the second heat resistant carrier 220. The mined by the same measurement method as the method of 
second noble metal 221 promotes the oxidation reaction of 50 measuring the average particle diameter of the first noble 
CO and HC and the reduction reaction of NOx . metal 211 described above . 

The second noble metal 221 contains Pt . The second The Pd particles 23 promote the oxidation reaction of CO 
noble metal 221 may contain a noble metal other than Pt but and HC and the reduction reaction of NOx . The Pd particles 
preferably contains only Pt . Pt and a noble metal other than 23 are superior to other noble metals such as Pt and Rh in 
Pt are less likely to form an alloy on the second heat resistant 55 promoting the oxidation reaction of CO and HC when the 
carrier 220 when the second heat resistant carrier 220 atmosphere changes from an oxidizing atmosphere to a 
selectively supports only Pt . The catalytic performance of Pt reducing atmosphere . It is considered that this is because at 
and a noble metal other than Pt tends to decrease when Pt is least a part of the Pd particles 23 is in the form of palladium 
alloyed with the noble metal other than Pt . For this reason , oxide ( PdO ) in an oxidizing atmosphere . 
the purification performance of the second supported cata- 60 In other words , at least a part of PdO releases O2 when the 
lyst 22 is less likely to decrease when the second noble metal atmosphere changes from an oxidizing atmosphere to a 
221 contains only Pt . reducing atmosphere . Pd reduced by the release of O2 can 

Pt is excellent in promoting a reaction to oxidize nitric then promote the oxidation reaction of CO and HC even in 
oxide ( NO ) and to generate NO , in an oxidizing atmosphere a reducing atmosphere using O2 released from PdO itself 
as compared with other noble metals such as Pd and Rh . 65 and O2 contained in the exhaust gas as an oxidizing agent . 
NO2 is more likely to be stored in the NO , storage material Hence , the O2 concentration in the Pd - containing catalyst 
than NO . For this reason , the second heat resistant carrier layer is maintained in a state of being lower than the O2 
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concentration in the catalyst layer which does not contain Pd The first NOx storage material 24 stores NOx in an 
in a reducing atmosphere . For this reason , the catalyst layer oxidizing atmosphere and releases NO , in a reducing atmo 
containing Pd further promotes the reduction reaction as sphere . The NO , storage and release mechanism of the first 
compared with the catalyst layer which does not contain Pd . NO , storage material 24 will be described below in detail . 

This exhaust gas - purifying catalyst 1 includes the first 5 First , the first NO , storage material 24 reacts with CO in 
supported catalyst 21 and the Pd particles 23 in the first the exhaust gas in an oxidizing atmosphere to generate a 
catalyst layer 20a . Moreover , the first supported catalyst 21 carbonate . Thereafter , the carbonate of the first NO , storage 
mainly plays a role of promoting the NO , reduction reaction material 24 reacts with NO2 in the exhaust gas to generate 
as described above . Hence , when the first supported catalyst a nitrate . In other words , NO , in the exhaust gas is stored in 
21 and the Pd particles 23 are contained in the same catalyst 10 the first NOx storage material 24 in the form of a nitrate . 
layer , the NOx purification performance of the first supported As an example of the NO , storage mechanism of the first 
catalyst 21 can be further enhanced by the effect of decreas NOx storage material 24 , Reaction Formula ( 2 ) in which 
ing the concentration of O2 in the catalyst layer by the Pd barium carbonate ( BaCO3 ) generates barium nitrate ( Ba 
particles 23 . ( NO3 ) 2 ) by NO2 and 0 , and Reaction Formula ( 3 ) in which 

The ratio M4 / M5 of the mass M4 of the Pd particles 23 15 potassium carbonate ( K2CO3 ) generates potassium nitrate 
contained in the first catalyst layer 20a to the mass M5 of the ( KNO3 ) by NO , and 0 , are presented below . 
first noble metal 211 contained in the first supported catalyst 

BaCO3 + 2NO2 + 1 / 202 > Ba ( NO3 ) 2 + CO2 ( 2 ) 21 is preferably in a range of 0.15 to 0.9 and more preferably 
in a range of 0.18 to 0.50 . 

K2CO3 + 2NO2 + 1 / 2022KNO3 + CO2 The proportion of the Pd particles 23 in the first catalyst 20 
layer 20a is , for example , 0.1 % by mass or more , preferably Next , the nitrate of the first NOx storage material 24 reacts 
in a range of 1 % by mass to 5 % by mass , and more with the reducing agent R in a reducing atmosphere and NO , 
preferably in a range of 2 % by mass to 4 % by mass . The NO , is thus released . As an example of the NO , release mecha 
purification performance of the exhaust gas - purifying cata nism of the first NO , storage material 24 , Reaction formula 
lyst 1 tends to decrease when the proportion of the Pd 25 ( 4 ) in which Ba ( NO3 ) 2 reacts with the reducing agent R and 
particles 23 in the first catalyst layer 20a is excessively barium oxide ( BaO ) and a reducing agent oxide ( RO ) are 
increased or excessively decreased . thus generated and Reaction Formula ( 5 ) in which KNO3 

The amount of the Pd particles 23 per unit volume of the reacts with the reducing agent R and potassium oxide ( K20 ) 
exhaust gas - purifying catalyst 1 is , for example , in a range and RO are thus generated are presented below . 
of 0.05 g / L to 0.5 g / L and preferably in a range of 0.1 g / L 30 
to 0.3 g / L . Ba ( NO3 ) 2 + 2R > 2NOx + BaO + 2R02.5 - x ( 4 ) 

[ First NO , Storage Material ] ( 5 ) The first NOx storage material 24 typically contains a KNO3 + R- > NOx + 1 / 2K2O + RO2.5 - x 
carbonate or oxide containing at least one element selected The first NO , storage material 24 which has released NO , 
from the group consisting of barium ( Ba ) , potassium ( K ) , 35 is reduced from a nitrate to an oxide . By this , the NO , 
lithium ( Li ) , and cerium ( Ce ) . storage ability of the first NOx storage material 24 is regen 

The crystal structure of an oxide containing Ce is pref erated and the first NOx storage material 24 can store NOx 
erably amorphous . In addition , the BET specific surface area again . 
of the oxide containing Ce is preferably 120 m- / g or more . The proportion of the first NO , storage material 24 in the 
This specific surface area does not particularly have an 40 first catalyst layer 20a is preferably in a range of 10 % by 
upper limit value , but according to an example , the upper mass to 40 % by mass and more preferably in a range of 15 % 
limit value is 200 m- / g or less . Incidentally , the BET specific by mass to 25 % by mass . The NO , purification performance 
surface area can be determined by the same method as the of the exhaust gas - purifying catalyst 1 tends to decrease 
method of measuring the BET specific surface area of the when the proportion of the first NOx storage material 24 in 
first heat resistant carrier 210 described above . In addition , 45 the first catalyst layer 20a is excessively increased . The NO , 
the proportion of CeO2 in the oxide containing Ce is typi purification performance of the exhaust gas - purifying cata 
cally 70 % by mass or more . lyst 1 tends to decrease when the proportion of the first NOx 

The first NO , storage material 24 is typically supported on storage material 24 in the first catalyst layer 20a is exces 
the first and second supported catalysts . The first NOx sively decreased . 
storage material 24 is typically in the form of particles . An 50 The amount of the first NOx storage material 24 per unit 
average particle diameter of the first NO , storage material 24 volume of the exhaust gas - purifying catalyst 1 is preferably 
is smaller than those of the first and second heat resistant in a range of 30 g / L to 60 g / L and more preferably in a range 
carriers . The average particle diameter of the first NOx of 40 g / L to 50 g / L . 
storage material 24 is preferably 5 nm or less and more [ Second Catalyst Layer ] 
preferably 1 nm or less . The lower limit value of the average 55 The second catalyst layer 20b contains a third supported 
particle diameter of the first NO , storage material 24 is not catalyst 25 and a second NO , storage material 26. The 
particularly limited , but according to an example , the lower second catalyst layer 20b mainly plays a role of oxidizing 
limit value is 0.1 nm or more . When the average particle NO in an oxidizing atmosphere and thus generating NO2 . 
diameter of the first NO , storage material 24 is set to be [ Third Supported Catalyst ] 
small , the contact efficiency between the first NOx storage 60 The third supported catalyst 25 contains a third heat 
material 24 and the exhaust gas tends to increase and the resistant carrier 250 and a third noble metal 251. The third 
NO , storage amount in the exhaust gas - purifying catalyst 1 supported catalyst 25 mainly plays a role of oxidizing NO 
tends to increase . Incidentally , the average particle diameter and thus generating NO . 
of the first NO , storage material 24 can be determined by the The proportion of the third supported catalyst 25 in the 
same method as the method of measuring the average 65 second catalyst layer 20b is preferably in a range of 60 % by 
particle diameter of the first heat resistant carrier 210 mass to 90 % by mass and more preferably in a range of 70 % 
described above . by mass to 80 % by mass . 
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The amount of the third supported catalyst 25 per unit ably 120 m?lg or more . When the BET specific surface area 
volume of the exhaust gas - purifying catalyst 1 is , for of the third heat resistant carrier 250 is large , the dispers 
example , in a range of 50 g / L to 80 g / L and preferably in a ibility of the third noble metal 251 supported on the third 
range of 60 g / L to 70 g / L . supported catalyst 25 and the second NO , storage material 

The NOx storage amount in the exhaust gas - purifying 5 26 is enhanced and the NOx storage ability tends to be 
catalyst 1 tends to decrease when the amount of the third enhanced . The upper limit value of this BET specific surface 
supported catalyst 25 contained in the exhaust gas - purifying area is not particularly limited , but the upper limit value is 
catalyst 1 is excessively increased . In addition , the NOx 200 m² / g or less according to an example and typically 150 
purification performance of the exhaust gas - purifying cata m² / g or less . Incidentally , the BET specific surface area can 
lyst 1 tends to decrease when the amount of the third 10 be determined by the same method as the method of mea 
supported catalyst 25 contained in the exhaust gas - purifying suring the BET specific surface area of the first heat resistant 
catalyst 1 is excessively decreased . carrier 210 described above . 

[ Third Heat Resistant Carrier ] [ Third Noble Metal ] 
The third heat resistant carrier 250 is , for example , a The third noble metal 251 is selectively supported on the 

porous oxide containing aluminum ( Al ) , silicon ( Si ) , or 15 surface of the third heat resistant carrier 250. The third noble 
titanium ( Ti ) as a main component . The third heat resistant metal 251 promotes the oxidation reaction of CO and HC 
carrier 250 is typically an inorganic oxide including Al2O3 , and the reduction reaction of NOx 
SiO2 , TiO2 , ZrO2 , CeO2 , MgO2 , Fe2O3 , BaCO3 , La203 The third noble metal 251 is typically in the form of 
( lanthanum oxide ) , Y203 ( yttrium oxide ) , or a composite particles . The third noble metal 251 contains Pt and Pd . Pt 
oxide of these . The third heat resistant carrier 250 is pref- 20 mainly plays a role of promoting the oxidation reaction of 
erably Al2O3 and may be an alumina - based composite oxide CO , HC , and NO . Pd plays a role of suppressing sintering of 
containing Al2O3 as a main component . As the alumina Pt as well as promoting the oxidation reaction of CO , HC , 
based composite oxide , the same alumina - based composite and NO . The third noble metal 251 may contain noble metals 
oxides as those described as an example of the second heat other than Pt and Pd but preferably contains only Pt and Pd . 
resistant carrier can be used . 25 When the third noble metal 251 contains Pt and Pd , Pt and 

The third heat resistant carrier 250 is typically crystalline . Pd are less likely to be sintered and the dispersibility thereof 
The crystal structure of the third heat resistant carrier 250 is tends to be high even after being used for a long period of 
preferably the spinel - type crystal structure . The NO , storage time . 
amount in the exhaust gas - purifying catalyst 1 tends to In addition , at least a part of Pt and at least a part of Pd 
increase when an oxide having the spinel - type crystal struc- 30 contained in the third noble metal 251 form an alloy . Pt and 
ture is used as the third heat resistant carrier 250. The crystal Pd tend to be more hardly sintered when being alloyed . 
structure of the third heat resistant carrier 250 can be The alloying rate of Pt and Pd contained in the third noble 
confirmed by X - ray diffraction ( XRD ) . metal 251 can be determined by measurement using X - ray 

The third heat resistant carrier 250 may be a mixture of diffraction ( XRD ) . The position of the diffraction peak of 
different kinds of carriers . For example , the third heat 35 platinum attained by the measurement using X - ray diffrac 
resistant carrier 250 may be a mixture of A1,03 with an tion shifts from the position of the diffraction peak attained 
alumina - based composite oxide having the spinel - type crys for platinum as a simple metal when platinum is alloyed with 
tal structure . In this case , the proportion of the alumina palladium . In an alloy of platinum with palladium , a part of 
based composite oxide having a spinel - type crystal structure platinum atoms in the crystal lattice of platinum is substi 
in the mixture of the plural kinds of third heat resistant 40 tuted with palladium atoms . The palladium atom is smaller 
carriers 250 is preferably 50 % by mass or more . In a case in than the platinum atom , and thus spacing of the crystal 
which at least one of the second heat resistant carrier 220 lattice decreases when a part of platinum atoms is substi 
and the third heat resistant carrier 250 contains an inorganic tuted with palladium atoms . The peak position of platinum 
oxide having the spinel - type crystal structure , the amount of shifts to a higher angle side by this decrease . Hence , the 
the inorganic oxide having the spinel - type crystal structure 45 proportion of these alloys in the total amount of platinum 
per unit volume of the exhaust gas - purifying catalyst 1 is , for and palladium can be estimated by examining the degree of 
example , 30 g / L or more , preferably 50 g / L or more , and change in this peak position . 
more preferably 65 g / L or more . The upper limit value of the Specifically , this alloying rate can be determined by the 
amount of this inorganic oxide having the spinel - type crystal following equation . 
structure per unit volume is not particularly limited , but 50 First , the diffraction angle of the first diffracted light 
according to an example , the upper limit value is 150 g / L or attained in a case in which platinum as a simple metal is 
less . subjected to X - ray diffraction measurement is denoted as 

Incidentally , in a case in which the third heat resistant 201. Next , the diffraction angle of the second diffracted light 
carrier 250 is a mixture of plural kinds of carriers , the BET which is attained in a case in which a platinum - palladium 
specific surface area of the third heat resistant carrier 250 to 55 alloy having the same atomic ratio as the atomic ratio 
be described later may be attained as a weighted average of between platinum and palladium contained in the first sup 
the BET specific surface areas of these carriers depending on ported catalyst is subjected to X - ray diffraction measure 
the mass ratio of the carriers . ment and corresponds to the first diffracted light is denoted 

The average particle diameter of the third heat resistant as 202. Moreover , the diffraction angle of the third diffracted 
carrier 250 is , for example , in a range of 5 um to 30 um and 60 light which is attained in a case in which the first supported 
typically in a range of 10 um to 15 um . Incidentally , this catalyst is subjected to X - ray diffraction measurement and 
average particle diameter can be determined by the same corresponds to the first diffracted light is denoted as 203 . The 
method as the method of measuring the average particle alloying rate is the ratio ( 03-0 . ) / ( 02-0 , ) . 
diameter of the first heat resistant carrier 210 described Specifically , this alloying rate can be determined by the 
above . 65 following procedure . 

The BET specific surface area of the third heat resistant First , a first supported catalyst 31 is prepared as a sample 
carrier 250 is preferably 50 m² / g or more and more prefer SA3 . This first supported catalyst 31 is subjected to heat 
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treatment for 10 hours in the air heated to 600 ° C. Subse The amount of the third noble metal 251 per unit volume 
quently , X - ray diffraction measurement is performed and the of the exhaust gas - purifying catalyst 1 is , for example , in a 
diffraction angle 203 for this sample SA3 is determined . range of 0.2 g / L to 5.0 g / L and preferably in a range of 1.0 
Next , a sample SA2 in which the alloying rate of platinum g / L to 3.0 g / L . 

and palladium is 100 % is prepared . Specifically , the sample [ Second NO Storage Material ] 
SA3 is subjected to a heat treatment for 50 hours in the air As the second NO , storage material 26 , the same one as 
heated to 900 ° C. Thereafter , X - ray diffraction measurement the first NOx storage material 24 described above can be 
is performed and the diffraction angle 202 for this sample used . The mass of the second NO , storage material 26 and 
SA2 is determined . the mass of the first NOx storage material 24 may be the 
Next , a sample SA1 in which only platinum is supported same as or different from each other . 

on the third heat resistant carrier 250 is prepared . Thereafter , The proportion of the second NO , storage material 26 in 
X - ray diffraction measurement is performed and the diffrac the second catalyst layer 20b is preferably in a range of 10 % 
tion angle 20 , for the sample SA1 is determined . by mass to 30 % by mass and more preferably in a range of 

The alloying rate of the sample SA3 is determined from 15 % by mass to 25 % by mass . The NOx purification per 
the diffraction angles 201 , 202 , and 202 thus attained for the formance of the exhaust gas - purifying catalyst 1 tends to 
samples SA1 to SA3 and the above - described equation . decrease when the proportion of the second NOx storage 
The alloying rate of Pt and Pd contained in the third noble material 26 in the second catalyst layer 206 is excessively 

metal 251 is 40 % or more , preferably 45 % or more , and increased . The NO , purification performance of the exhaust 
more preferably 50 % or more . Pt tends to be hardly sintered 20 gas - purifying catalyst 1 tends to decrease when the propor 
when this alloying rate is high . Incidentally , limit tion of the second NOx storage material 26 in the second 
value of this alloying rate is 60 % according to an example . catalyst layer 20b is excessively decreased . 

The ratio M6 / M7 of the mass M6 of Pt contained in the The amount of the second NO , storage material 26 per 
third supported catalyst 25 to the mass M7 of Pd contained unit volume of the exhaust gas - purifying catalyst 1 is , for 
in the third supported catalyst 25 is preferably in a range of 25 example , in a range of 5 g / L to 30 g / L and preferably in a 
1 to 10. Sintering of Pt is further suppressed and the NOx range of 12 g / L to 24 g / L . 
purification performance of the exhaust gas - purifying cata [ Other Components ] 
lyst 1 tends to be enhanced when this ratio M6 / M7 is in this The first and second catalyst layers may further contain a range . This ratio M6 / M7 is more preferably in a range of 4 binder in addition to the components described above . to 6 . The binder strengthens bonding between the constituents The average particle diameter of the Pt - Pd alloyed contained in the first and second catalyst layers and particles of the third noble metal 251 is preferably smaller improves the durability of the catalyst . As the binder , for than the average particle diameter of the second noble metal 
221. The average particle diameter of the PtPd alloyed example , alumina sol , titania sol , silica sol , or any mixture 

of these can be used . particles is preferably 15 nm or less and more preferably 10 35 
nm or less . The lower limit value of the average particle The proportion of the binder in the first catalyst layer 20a 
diameter of the Pt - Pd alloyed particles is not particularly is preferably in a range of 1.0 % by mass to 5.0 % by mass 
limited , but according to an example , the lower limit value and more preferably in a range of 3.0 % by mass to 4.0 % by 
is 1 nm or more . When the average particle diameter of the 
Pt - Pd alloyed particles is set to be small , the contact 40 The proportion of the binder in the second catalyst layer 
efficiency between the Pt - Pdalloyed particles and the 206 is preferably in a range of 1.0 % by mass to 5.0 % by 
exhaust gas tends to increase and the NOx purification mass and more preferably in a range of 3.0 % by mass to 
performance of the exhaust gas - purifying catalyst 1 tends to 4.0 % by mass . 
be enhanced . The amount of the binder per unit volume of the exhaust 

This average particle diameter can be determined utilizing 45 gas - purifying catalyst 1 is , for example , in a range of 2.0 g / L 
X - ray diffraction measurement . In other words , the third to 10 g / L and preferably in a range of 5.0 g / L to 15.0 g / L . 
supported catalyst 25 is subjected to X - ray diffraction mea [ Method of Producing Exhaust Gas - Purifying Catalyst ] 
surement , a peak of Pt or Pd is selected from the diffraction Next , an example of a method of producing this exhaust 
spectrum attained by this , and an average particle diameter gas - purifying catalyst 1 will be described . 
is calculated utilizing the Scherrer equation . [ Method of Preparing First Supported Catalyst ] 

The ratio M8 / M9 of the mass M8 of the third noble metal First , the first supported catalyst 21 is prepared . Specifi 
251 to the mass M9 of the second noble metal 221 is cally , a solution containing the first noble metal 211 and a 
preferably in a range of 3 to 6. When the ratio M8 / M9 is in powder of the first heat resistant carrier 210 are first mixed 
this range , NO2 contained in the exhaust gas diffused from together and thoroughly stirred . Subsequently , this mixture 
the second catalyst layer 20b to the first catalyst layer 20a is 55 is dried to obtain a powder . Subsequently , the powder 
efficiently stored in the second supported catalyst 22 and obtained is fired in the air at a temperature of 450 ° C. to 550 ° 
thus the NOx purification performance of the exhaust gas C. for 1 to 3 hours . The first supported catalyst 21 is thus 
purifying catalyst 1 tends to be enhanced . This ratio M8 / M9 obtained . 
is more preferably in a range of 4 to 5 . [ Method of Preparing Second Supported Catalyst ] 

The proportion of the third noble metal 251 in the third 60 Next , the second supported catalyst 22 is prepared . Spe 
supported catalyst 25 is preferably in a range of 0.5 % by cifically , a solution containing the second noble metal 221 
mass to 5.0 % by mass and more preferably in a range of and a powder of the second heat resistant carrier 220 are first 
2.0 % by mass to 3.0 % by mass . The NOx purification mixed together and thoroughly stirred . Subsequently , this 
performance of the third supported catalyst 25 tends to mixture is dried to obtain a powder . Subsequently , the 
decrease when the proportion of the third noble metal 251 in 65 powder obtained is fired in the air at a temperature of 450 ° 
the third supported catalyst 25 is excessively increased or C. to 550 ° C. for 1 to 3 hours . The second supported catalyst 
excessively decreased . 22 is thus obtained . 

mass . 
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[ Method of Preparing Third Supported Catalyst ] as compared with a case in which nitrates of these are used 
Next , the third supported catalyst 25 is prepared . as a Pt or Pd source . For this reason , the average particle 
Specifically , a dispersion containing composite particles diameter of composite particles tends to be small when a 

of Pt and Pd is first prepared . The method of preparing this hydrochloride of Pt or Pd is used as a Pt or Pd source . 
dispersion is as follows . This average particle diameter means a particle diameter 

First , an acidic solution containing Pt and Pd is prepared . at which the volume integrated value is 50 % in the particle 
As a solvent of the acidic solution , it is preferable to use a size distribution determined by dynamic light scattering 
hydrophilic solvent and it is more preferable to use water . ( DLS ) . As a dynamic light scattering type particle size 
The pH of this acidic solution is 1.0 to 4.0 according to an distribution measuring apparatus , Zetasizer ( registered 
example and in a range of 1.0 to 6.0 according to another 10 trademark ) S manufactured by Malvern Panalytical Ltd. and 
example . the like can be used . As a sample when this particle size 

It is preferable that at least one of Pt and Pd contained in distribution measurement is performed , a diluted solution in 
the acidic solution is dissolved in the solvent . In a case in which the dispersion is diluted with pure water so that the 
which the solvent is a hydrophilic solvent , it is preferable noble metal concentration is in a range of 0.1 % by mass to 
that at least one of Pt and Pd is in the state of an ion or a salt . 15 1 % by mass is used . This average particle diameter is 

The ratio M10 / M11 of the mass M10 of Pd contained in considered to mean the average particle diameter of com 
the acidic solution to the mass M11 of Pt contained in the posite particles . Incidentally , those in the form of ions are 
acidic solution is not particularly limited , but the ratio is in not detected by dynamic light scattering . Hence , this average 
a range of 0.01 to 1 according to an example , in a range of particle diameter of composite particles does not include the 
0.03 to 0.5 according to another example , and in a range of 20 ion diameter of the organic base . 
0.2 to 0.5 according to still another example . The Raman spectrum of this dispersion attained by 
As Pt and Pd sources , for example , salts of Pt and Pd can Raman spectroscopy has a peak in a range of 500 cm- ' to 

be used . The salts of Pt and Pd are not particularly limited 700 cm - 1 . Here , “ to have a peak in a range of 500 cm - 1 to 
as long as these can be dissolved in a hydrophilic solvent . 700 cm means that the top of the peak is located in the 
The salts of Pt and Pd are , for example , acetates , carbonates , 25 range of 500 cm - 1 to 700 cm__ . The peak to be detected in 
sulfates , nitrates , and nitrites of Pt and Pd or mixtures of this range is a peak derived from a hydroxide of Pt or Pd , or 
these . As Pt and Pd sources , solutions in which these salts a hydrate of an oxide of Pt or Pd . In other words , at least one 
are dissolved in solvents may be used . of Pt and Pd in this dispersion is considered to be in the form 

The Pt and Pd sources are added so that the total con of a hydroxide or in the form of a hydrate of an oxide . 
centration of Pt and Pd in the dispersion is in a range of 4 % 30 Incidentally , as a sample when this Raman spectroscopic 
by mass to 18 % by mass according to an example , in a range analysis is performed , a diluted solution in which the dis 
of 7 % by mass to 16 % by mas according to another example , persion is diluted with pure water so that the noble metal 
and in a range of 10 % by mass to 15 % by mass according concentration is 2 % by mass is used . 
to still another example . This dispersion may be basic or acidic . The pH of this 

Next , an organic base is gradually added to this acidic 35 dispersion is in a range of 12 to 14 according to an example 
solution . By addition of an organic base , at least one of Pt and in a range of 13 to 15 according to another example . 
and Pd in the acidic solution is precipitated by neutraliza The kind of organic base is not particularly limited but is 
tion . By this , the Pt particles and the Pd particles form a preferably an organic base having a low molecular weight . 
composite in a state in which the respective particles are It is possible to produce a dispersion containing composite 
sufficiently close to each other . The composite is dispersed 40 particles of Pt and Pd at a high concentration by using an 
in the solution as fine particles by further adding the organic organic base having a low molecular weight . The molecular 
base to this solution . A dispersion containing composite weight of organic base is preferably 500 or less and more 
particles of Pt and Pd is thus obtained . Incidentally , the preferably 400 or less . The lower limit value of this molecu 
reaction temperature at the time of formation of this com lar weight is 30 according to an example . 
posite is not particularly limited , but it is preferable to form 45 In addition , it is preferable that the organic base is 
this composite at normal temperature . hydrophilic . Specifically , it is preferable that 0.1 g or more 

The average particle diameter of the particles contained in of the organic base is soluble in 100 g of water at 25 ° C. 
this dispersion is in a range of 0.8 nm to 10 nm according Moreover , it is preferable that the number of carbon atoms 
to an example , in a range of 1 nm to 7.5 nm according to constituting the main chain of the organic base is 20 or less . 
another example , and in a range of 1.5 nm to 5 nm according 50 When a hydrophilic organic base is added to an acidic 
to still another example . solution of which the solvent is a hydrophilic solvent to 

The organic base functions as a dispersant as well as neutralize and precipitate composites of Pd and Pt , Pt and Pd 
functions as a neutralizing agent . Hence , the average particle can be formed into a composite in a state of being uniformly 
diameter of the particles contained in the dispersion can be dispersed . Hence , when a hydrophilic organic base is used as 
appropriately adjusted by changing the kind of organic base . 55 the organic base as well as a hydrophilic solvent is used as 

In addition , the average particle diameter of the particles a solvent of the acidic solution , composite particles in which 
contained in the dispersion can also be adjusted by the kinds Pt and Pd are relatively uniformly dispersed can be obtained . 
of Pt salt and Pd salt . In other words , the Pt salt and Pd salt Furthermore , it is preferable that the organic base does not 
form hydrates of hydroxides or oxides when neutralization contain any of a halogen or an aromatic ring in the structure . 
proceeds by addition of the organic base to the acidic 60 There is a possibility that the function of Pt and Pd com 
solution . This process of forming hydrates of hydroxides or posite particles is adversely affected when a halogen is 
oxides varies depending on the kinds of metal salts . For contained in the structure of organic base . In addition , when 
example , a chloride ion has a stronger coordinating power an aromatic ring is contained in the structure of organic base , 
for a metal than a nitrate ion and is less likely to be there is a possibility that undesirable substances such as a 
eliminated . Hence , hydrates of hydroxides or oxides of Pt or 65 nitro compound is generated when the Pt and Pd composite 
Pd are less likely to be formed and to grow in a case in which particles are supported on the third heat resistant carrier 250 
a hydrochloride salt of Pt or Pd is used as a Pt or Pd source and fired . 
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Examples of the organic base include amino alcohol , Next , the dispersion thus obtained and the third heat 
cycloalkyl amine , cyclic amine , alkyl amine , tetraalkyl resistant carrier 250 are mixed together and thoroughly 
ammonium hydroxide , or any mixture of these . More spe stirred . Subsequently , this mixture is dried to obtain a 
cific examples of the organic base include tetramethylam powder . Subsequently , the powder obtained is fired in the air 
monium hydroxide ( TMAH ) , tetraethyl ammonium hydrox- 5 at a temperature of 450 ° C. to 550 ° C. for 1 to 3 hours . The 
ide ( TEAH ) , tetrapropyl ammonium hydroxide ( TPAH ) , third supported catalyst 25 is thus obtained . 
tetrabutylammonium hydroxide ( TBAH ) , monoetha The Pt and Pd composite particles contained in this 
nolamine , N , N - dimethyl - 2 - aminoethanol , 3 - amino - 1 - propa dispersion are not alloyed . At least a part of the Pt and Pd 
nol , cyclohexylamine , diazabicycloundecene ( DBU ) , diaz composite particles are alloyed in a step of being supported 
abicyclononene ( DBN ) , propylamine , methylamine , 10 on the third heat resistant carrier 250 and fired , and the Pt 
ethylamine , dimethylamine , triethylamine , or any mixture of and Pd alloyed particles are thus formed . Composite par 
these . ticles in which Pt and Pd are sufficiently close to each other 
As the organic base , it is preferable to use TMAH , TEAH , are supported on the third heat resistant carrier 250 when this 

TPAH , TBAH , monoethanolamine , N , N - dimethyl - 2 - amin dispersion and the third heat resistant carrier 250 are mixed 
oethanol , 3 - amino - 1 - propanol , cyclohexylamine , DBU , 15 together . Hence , Pt and Pd in the composite particles can be 
DBN , propylamine , or any mixture of these . The boiling alloyed on the third heat resistant carrier 250 at a relatively 
points of these organic bases are in a temperature range of low temperature . For this reason , fine Pt and Pd alloyed 
25 ° C. to 100 ° C. For this reason , these organic bases can be particles can be uniformly dispersed on the third heat 
used without volatilizing at normal temperature . resistant carrier 250 . 
As the organic base , it is more preferable to use TMAH , 20 [ Formation of First and Second Catalyst Layers ] 

TEAH , TPAH , TBAH , monoethanolamine , N , N - dimethyl Next , the first supported catalyst 21 , the second supported 
2 - aminoethanol , 3 - amino - 1 - propanol , cyclohexylamine , or catalyst 22 , a palladium 23 source , a first NOx storage 
any mixture of these . The boiling point of these organic material 24 source , and water are mixed together and 
bases is 100 ° C. or higher . For this reason , these organic thoroughly stirred to obtain a first slurry . 
bases are less likely to volatilize even when being heated 25 As the palladium 23 source , the same one as the Pd source 
when the neutralized precipitates of Pt and Pd are dispersed . used in the method of producing the third supported catalyst 
Hence , Pt and Pd composite particles can be more stably 25 can be used . 
formed when these organic bases are used . As the first NO , storage material 24 , an acetate , a nitrate , 

The amount of the organic base added is not particularly a sulfate , and a carbonate containing at least one element 
limited , but the organic base can be added so that the ratio 30 selected from the group consisting of Ba , K , Li , and Ce , or 
N1 / N2 of the number N1 of moles of the organic base to the any mixture of these can be used . 
total number N2 of moles of the plural kinds of metals Next , this first slurry is applied onto a honeycomb sub 
contained in the acidic solution is in a rage of 0.1 to 10 strate 10 and heated at a temperature in a range of 90 ° C. to 
according to an example , in a rage of 0.5 to 7 according to 250 ° C. for 5 minutes to 3 hours to dry the coated layer . 
another example , and in a rage of 1 to 5 according to still 35 Subsequently , the substrate 10 is fired at a temperature in a 
another example . range of 450 ° C. to 550 ° C. for 1 to 3 hours . The first catalyst 

The organic base is preferably mixed with the acidic layer 20a is thus formed on the substrate 10 . 
solution so that the proportion of the organic base in the Next , the third supported catalyst 25 , a second NOx 
dispersion is 1 % by mass or more from the viewpoint of storage material 26 source , and water are mixed together and 
more efficiently forming Pt and Pd particles into composite 40 thoroughly stirred to obtain a second slurry . As the second 
particles . The upper limit value of the organic base is not NOx storage material 26 source , the same one as the first 
particularly limited , but the organic base can be mixed with NO , storage material 24 source can be used . 
the acidic solution so that , for example , the proportion of the Next , this second slurry is applied onto the honeycomb 
organic base in the dispersion is 20 % by mass , 10 % by mass , substrate 10 on which the first catalyst layer 20a is formed 
or 5 % by mass . 45 and heated at a temperature in a range of 90 ° C. to 250 ° C. 

This dispersion typically does not contain a polymer for 5 minutes to 3 hours to dry the coated layer . Subse 
dispersant . A polymer dispersant refers to a dispersant quently , the substrate 10 is fired at a temperature in a range 
containing an organic polymer having a molecular weight of of 450 ° C. to 550 ° C. for 1 to 3 hours . The second catalyst 
750 or more . Examples of the polymer dispersant include layer 20b is thus formed on the first catalyst layer 20a . 
polyethyleneimine and polyvinyl pyrrolidone ( PVP ) . [ NO , Purification Mechanism ] 
When the third supported catalyst 25 is prepared using a The exhaust gas - purifying catalyst 1 obtained as 

dispersion containing a polymer dispersant , Pd and Pt tend described above can achieve excellent NOx purification 
to be easily detached from the third heat resistant carrier performance . It is considered that the reason is , for example , 
250. In addition , when the third supported catalyst 25 is as described below . Here , it is described assuming that the 
prepared using a dispersion containing a polymer dispersant , 55 combustion engine is a lean - burn engine . 
a carbon compound derived from an organic polymer may First , a lean - burn engine is an engine in which an air - fuel 
be generated in a great amount in the firing step to be mixture having an air - fuel ratio larger than the stoichiomet 
described later . The generated carbon compound may adhere ric air - fuel ratio is supplied to the combustion chamber 
to the inside of the firing furnace and cause damage to the during normal driving . For this reason , the exhaust gas from 
furnace body . This dispersion typically does not contain a 60 the lean - burn engine during normal driving has relatively 
polymeric dispersant and thus can avoid these problems . low concentrations of CO and HC and relatively high 

Furthermore , this dispersion typically does not contain a concentrations of O2 and NOx . 
reducing agent such as hydrogen , hydrazine , or sodium The catalyst layer contained in this exhaust gas - purifying 
borohydride . In other words , a reduction treatment is not catalyst 1 has a two - layer structure including the first 
required when this dispersion is prepared . Hence , this dis- 65 catalyst layer 20a and the second catalyst layer 206. Hence , 
persion can be prepared by a simple method as described the exhaust gas emitted from the lean - burn engine during 
above . normal driving first diffuses in the second catalyst layer 200 

50 
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provided on the first catalyst layer 20a . At least a part of NO the exhaust gas in a reducing atmosphere is supplied . Hence , 
contained in the exhaust gas diffused in the second catalyst this exhaust gas - purifying catalyst 1 can continuously store 
layer 20b is oxidized to NO , by the third noble metal 251 NO , for a long period of time and can decrease the amount 
supported on the third supported catalyst 25. At least a part of NOx emitted from the combustion engine to the outside . 
of NO , reacts with the second NOx storage material 26 5 In the lean - burn engine system , rich spike treatment is 
supported on the third supported catalyst 25 to generate a performed to purify NO , stored in the exhaust gas - purifying 
nitrate . catalyst 1. The rich spike treatment is a treatment to decrease 

In addition , at least parts of CO , HC , and NO , contained the air - fuel ratio of an air - fuel mixture to be supplied to the 
in the exhaust gas diffused in the second catalyst layer 200 combustion chamber of the lean - burn engine to a value less 
are oxidized to H2O or CO2 or reduced to N2 by the third 10 than the stoichiometric air - fuel ratio . Specific examples of 
supported catalyst 25 , and H2O , CO2 , and N2 are discharged the rich spike treatment include a treatment to decrease the 
from the second catalyst layer 20b into the air . air - fuel ratio of the air - fuel mixture in the combustion 
As described above , the Pt and Pd alloyed particles having chamber by supplying excess fuel to the combustion cham 

an alloying rate of 40 % or more are mainly supported on the ber through the control of operating conditions or engine . 
third supported catalyst . Pt contained in the Pt and Pd 15 By this rich spike treatment , reducing exhaust gas is 
alloyed particles can be maintained in a state of being supplied from the lean - burn engine to the exhaust gas 
relatively uniformly dispersed on the third heat resistant purifying catalyst 1. This reducing exhaust gas has relatively 
carrier 250 for a long period of time . Moreover , Pt is a high concentrations of CO and HC and relatively low 
catalyst excellent in promoting the oxidation reaction . concentrations of O2 and NOx . 
Hence , the third supported catalyst 25 can efficiently oxidize 20 This reducing exhaust gas first diffuses in the second 
NO in the exhaust gas to NO2 . catalyst layer 20b . At least parts of CO and HC contained in 

Next , the exhaust gas having passed through the second the exhaust gas act as a reducing agent on the third supported 
catalyst layer 20b diffuses in the first catalyst layer 20a . The catalyst 25 to reduce a nitrate of the second NO , storage 
concentration of NO contained in the exhaust gas having material 26. By this reduction reaction , the NOx storage 
passed through the second catalyst layer 20b tends to be 25 ability of the second NO , storage material 26 is recovered as 
lower than the concentration of NO contained in the exhaust well as NOx is released from the second NO , storage 
gas before passing through the second catalyst layer 20b , material 26. At least a part of NO , released from the second 
and the concentration of NO2 contained in the exhaust gas NO , storage material 26 is reduced to N2 on the third noble 
having passed through the second catalyst layer 20b tends to metal 251 supported on the third supported catalyst 25 using 
be higher than the concentration of NO2 contained in the 30 CO and HC as a reducing agent . 
exhaust gas before passing through the second catalyst layer In addition , at least parts of CO , HC , and NO , contained 
206 . in the exhaust gas diffused in the second catalyst layer 20b 

At least a part of NO diffused into the first catalyst layer are oxidized H2O or CO2 or reduced to N , by the third 
20a is oxidized to NO2 by the noble metals supported on the noble metal 251 supported on the third supported catalyst 
first and second supported catalysts contained in the first 35 25 , and H2O , CO2 , and N , are discharged from the second 
catalyst layer 20a . This NO2 generated on the first and catalyst layer 20b into the air . 
second supported catalysts reacts with the second NO , Next , the exhaust gas having passed through the second 
storage material 24 supported on the first and second sup catalyst layer 20b diffuses into the first catalyst layer 20a . 
ported catalysts , respectively , to generate a nitrate . In addi The exhaust gas diffused in the second catalyst layer 20b has 
tion , at least a part of NO2 diffused from the second catalyst 40 lower concentrations of CO and HC and a higher concen 
layer 20b to the first catalyst layer 20a reacts with the second tration of NOx than the exhaust gas before diffusing in the 
NO , storage material 24 supported on the first and second second catalyst layer 20b . 
supported catalysts to generate a nitrate . Here , the first catalyst layer 20a contains the Pd particles 

In addition , at least parts of CO , HC , and NO , contained 23. The Pd particles 23 exhibit high catalytic performance 
in the exhaust gas diffused in the first catalyst layer 20a are 45 when the atmosphere changes from an oxidizing atmosphere 
oxidized to H2O or CO2 or reduced to N , by the noble metals to a reducing atmosphere and can promote the oxidation 
supported on the first and second supported catalysts , and reaction of CO and HC using O2 as an oxidizing agent even 
H2O , CO2 , and N are discharged from the first catalyst layer when the atmosphere changes . Hence , the O2 concentration 
20a into the air via the second catalyst layer 20 % . in the exhaust gas diffused in the first catalyst layer 20a is 

Here , the BET specific surface area of the second heat 50 lower than the O2 concentration in the exhaust gas diffused 
resistant carrier 220 of the second supported catalyst 22 is in the catalyst layer which does not contain Pd . For this 
sufficiently large . Hence , Pt and the first NOx storage mate reason , the reduction reaction tends to be more easily 
rial 24 are supported on the surface of the second heat promoted when the first catalyst layer 20a contains Pd as 
resistant carrier 220 in a state of exhibiting high dispers compared with a case in which the first catalyst layer 20a 
ibility . In addition , Pt supported on the second supported 55 does not contain Pd . 
catalyst 22 is superior to the Rh contained in the first At least parts of CO and HC diffused in the first catalyst 
supported catalyst 21 and the Pd particles 23 in promoting layer 20a act as a reducing agent on the noble metals 
the NO oxidation reaction . Moreover , the mass of the second supported on the first and second supported catalysts to 
supported catalyst 22 is greater than the mass of the first reduce a nitrate of the first NO , storage material 24. By this 
supported catalyst 21 and greater than the mass of the third 60 reduction reaction , the NO , storage ability of the first NOx 
supported catalyst 25 in the exhaust gas - purifying catalyst 1 . storage material 24 is recovered as well as NO , is released 
For this reason , the second supported catalyst 22 can store from the first NO , storage material 24. At least a part of NO 
a large amount of NO , together with the first NO , storage released from the first NO , storage material 24 is reduced to 
material 24 supported on the second heat resistant carrier N2 on the noble metals supported on the first and second 
220 . 65 supported catalysts using CO and HC as a reducing agent . 
By employing such a configuration , the exhaust gas In addition , at least parts of CO , HC , and NO , contained 

purifying catalyst 1 can store a large amount of NOx when in the exhaust gas diffused in the first catalyst layer 20a are 
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oxidized to H2O or CO2 or reduced to N , by the noble metals [ Second Modification ] 
supported on the first and second supported catalysts , and FIG . 4 is a cross - sectional view schematically illustrating 
H2O , CO2 , and N are discharged from the first catalyst layer a second modification of the exhaust gas - purifying catalyst 
20a into the air via the second catalyst layer 20b . illustrated in FIGS . 1 and 2. This exhaust gas - purifying 
As described above , Rh supported on the first supported 5 catalyst 1 is an exhaust gas - purifying catalyst employing the 

catalyst 21 exhibits high NOx purification performance . In same configuration as that of the exhaust gas - purifying 
addition , the first supported catalyst 21 and the second catalyst 1 illustrated in FIGS . 1 and 2 except that the Pd 
supported catalyst 22 are approximately uniformly mixed particles 23 are selectively supported on a fourth supported 
together in the first catalyst layer 20a . Hence , there is a high catalyst 27 instead of being supported on the first and second 
possibility that at least a part of the first supported catalyst supported catalysts in the first catalyst layer 20a . 
21 and at least a part of the second supported catalyst 22 are The fourth supported catalyst 27 is contained in the first 
adjacent to each other . For this reason , the first supported catalyst layer 20a . The fourth supported catalyst 27 contains 
catalyst 21 can reduce at least a part of a large amount of a fourth heat resistant carrier 270 and a fourth noble metal 
NOx released from the second supported catalyst 22 in 271 . 
addition to NO , released from the first supported catalyst 21 The proportion of the fourth supported catalyst 27 in the 
itself . first catalyst layer 20a is , for example , 7.5 % by mass or less , 
By employing such a configuration , the exhaust gas preferably in a range of 1.0 % by mass to 5.0 % by mass , and 

purifying catalyst 1 can reduce a large amount of NOx to N2 more preferably in a range of 2.0 % by mass to 3.0 % by 
when the exhaust gas in a reducing atmosphere is supplied . 20 mass . 
Hence , this exhaust gas - purifying catalyst can realize high The mass of the fourth supported catalyst 27 contained in 
NOx purification performance even when the rich spike the exhaust gas - purifying catalyst 1 is smaller than the mass 
treatment time is short and the supply time of exhaust gas in of the second supported catalyst 22. In addition , the mass of 
a reducing atmosphere is short . the second supported catalyst 22 contained in the exhaust 

This exhaust gas - purifying catalyst 1 contains three kinds 25 gas - purifying catalyst 1 is preferably greater than the total 
of supported catalysts of the first supported catalyst 21 amount of the mass of the first supported catalyst 21 , the 
mainly supporting Rh , the second supported catalyst 22 mass of the third supported catalyst 25 , and the mass of the 
mainly supporting Pt , and the third supported catalyst 25 fourth supported catalyst 27 . 
mainly supporting Pt and Pd alloyed particles . Moreover , the The amount of the fourth supported catalyst 27 per unit 
first and second supported catalysts are contained in the first 30 volume of the exhaust gas - purifying catalyst 1 is , for 
catalyst layer 20a , and the third supported catalyst 25 is example , in a range of 3 g / L to 10 g / L and preferably in a 
contained in the second catalyst layer 20b closer to the range of 5 g / L to 7 g / L . 

The NOx storage punt in the exhaust gas - purifying exhaust gas than the first catalyst layer 20a . catalyst 1 tends to decrease when the amount of the fourth In this manner , the main role played by the first catalyst 35 upported catalyst 27 contained in the exhaust gas - purifying layer 20a can be made different from the main role played catalyst 1 is excessively increased . In addition , the NO , by the second catalyst layer 20b by setting the kinds of noble purification performance of the exhaust gas - purifying cata 
metals mainly supported on the three kinds of supported lyst 1 tends to decrease when the amount of the fourth 
catalysts to be different from one another and disposing the supported catalyst 27 contained in the exhaust gas - purifying 
first supported catalyst 21 and second supported catalyst 22 40 catalyst 1 is excessively decreased . 
in different layer from the layer containing the third sup As the fourth heat resistant carrier 270 , the same one as 
ported catalyst 25. Moreover , the purification performance the third heat resistant carrier 250 can be used . In addition , 
of the exhaust gas - purifying catalyst 1 can be further the fourth heat resistant carrier 270 supports the first NO , 
enhanced by setting the main role played by the first catalyst storage material 24 . 
layer 20a to storage and reduction of NO , and the main role 45 The fourth noble metal 271 is selectively supported on the 
played by the second catalyst layer 20b to oxidation of NO . fourth heat resistant carrier 270. The fourth noble metal 271 

[ Other Configurations ] contains Pd . The fourth noble metal 271 may contain a noble 
The configuration of this exhaust gas - purifying catalyst 1 metal other than Pd but preferably contains only Pd . 

can be variously modified in addition to the configurations The proportion of the fourth noble metal 271 in the fourth 
described above . 50 supported catalyst 27 is preferably in a range of 1 % by mass 

[ First Modification ] to 10 % by mass and more preferably in a range of 2.5 % by 
FIG . 3 is a cross - sectional view schematically illustrating mass to 4.5 % by mass . The NOx purification performance of 

a first modification of the exhaust gas - purifying catalyst the fourth supported catalyst 27 tends to decrease when the 
illustrated in FIGS . 1 and 2. This exhaust gas - purifying proportion of the fourth noble metal 271 in the fourth 
catalyst 1 is an exhaust gas - purifying catalyst 1 employing 55 supported catalyst 27 is excessively increased or excessively 
the same configuration as that of the exhaust gas - purifying decreased . 
catalyst 1 illustrated in FIGS . 1 and 2 except that the Pd The amount of the fourth noble metal 271 per unit volume 
particles 23 are selectively supported on the second sup of the exhaust gas - purifying catalyst 1 is , for example , the 
ported catalyst 22 instead of being supported on the first and same as the amount of Pd contained in the first catalyst layer 
second supported catalysts in the first catalyst layer 20a . 60 20a described above per unit volume of the exhaust gas 
Rh and Pd are less likely to form an alloy on the first heat purifying catalyst 1 . 

resistant carrier 210 in the case of employing such a con In this second modification , Rh , Pt , and Pd contained in 
figuration . For this reason , the catalytic performance of Rh the first catalyst layer 20a are selectively supported on 
and Pd tends to hardly decrease . Hence , the purification different carriers . Rh and Pd , and Pt and Pd are less likely to 
performance of the exhaust gas - purifying catalyst 1 can be 65 form an alloy in the case of employing such a configuration . 
further enhanced in the case of employing such a configu For this reason , the catalytic performance of Rh , Pt , and Pd 
ration . tends to more hardly decrease . Hence , the purification 
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performance of the exhaust gas - purifying catalyst 1 can be gas - purifying catalyst 1 is higher as compared with a case in 
further enhanced in the case of employing such a configu which at least one of the three - way catalyst and DOC is not 
ration . contained . For this reason , the exhaust gas - purifying catalyst 

Incidentally , this fourth supported catalyst 27 can be 1 is more likely to store NO2 and the amount of NO2 emitted 
obtained by the same method as the method of producing the 5 to the outside can be decreased . 
first supported catalyst 21 except that the kinds of noble DPF adsorbs particulate substances contained in the metal and carrier are changed . exhaust gas emitted from the internal combustion engine . 

[ Third Modification ] The DPF may be installed between at least one of the FIG . 5 is a cross - sectional view schematically illustrating three - way catalyst and DOC and the exhaust gas - purifying a third modification of the exhaust gas - purifying catalyst 10 
illustrated in FIGS . 1 and 2. This exhaust gas - purifying catalyst 1 or downstream of the exhaust gas - purifying cata 

lyst 1 along the flow of exhaust gas . catalyst 1 is an exhaust gas - purifying catalyst employing the An SCR system purifies NO , using a reducing agent such same configuration as that of the second modification of the 
exhaust gas - purifying catalyst 1 illustrated in FIG . 4 except as urea . The SCR system is preferably installed downstream 
that the second catalyst layer 20b further contains the first 15 of the exhaust gas - purifying catalyst 1 along the flow of 
supported catalyst 21b . exhaust gas . The amount of NOx emitted to the outside can 

The first supported catalyst 21b is the same as the first be further decreased in the case of using such a configura 
supported catalyst 21. The proportion of the first supported tion . 
catalyst 21b in the second catalyst layer 20b is preferably in 
a range of 3 % by mass to 20 % by mass and more preferably 20 EXAMPLES 
in a range of 5 % by mass to 15 % by mass . 

The mass of the first supported catalyst 21b contained in Hereinafter , Examples of the present invention will be 
the exhaust gas - purifying catalyst 1 is smaller than the mass described . 
of the second supported catalyst 22. In addition , the mass of 
the second supported catalyst 22 contained in the exhaust 25 Example 1 
gas - purifying catalyst 1 is preferably greater than the total 
amount of the mass of the first supported catalyst 21 , the [ Preparation of First Supported Catalyst S1A ] 
mass of the first supported catalyst 216 , the mass of the third A rhodium nitrate solution containing 0.3 g of Rh and 30 
supported catalyst 25 , and the mass of the fourth supported g of ceria - zirconia composite oxide CZ1 were mixed 
catalyst 27 . 30 together and thoroughly stirred . Incidentally , the proportion 

The amount of the first supported catalyst 216 per unit of Ce0 , in ceria - zirconia composite oxide CZ1 was 30 % by 
volume of the exhaust gas - purifying catalyst 1 is , for mass , and the proportion of ZrO2 was 60 % by mass . Sub 
example , in a range of 3 g / L 20 g / L and preferably in a sequently , this mixture was dried obtain a powder . Sub 
range of 5 g / L to 12 g / L . sequently , the powder obtained was fired in the air at a 

The mass of the first supported catalyst 21 contained in 35 temperature of 500 ° C. for 1 hour . A first supported catalyst 
the first catalyst layer 20a and the mass of the first supported S1A was thus obtained . 
catalyst 21b contained in the second catalyst layer 20b may [ Preparation of Second Supported Catalyst S2A ] 
be the same as or different from each other . A platinum nitrate solution containing 0.4 g of Pt and 100 

The NOx reduction reaction can be promoted in the g of alumina - zirconia composite oxide AZ1 were mixed 
second catalyst layer 20b as well in the case of employing 40 together and thoroughly stirred . Incidentally , the BET spe 
such a configuration . For this reason , the purification per cific surface area of alumina - zirconia composite oxide AZ1 
formance of the exhaust gas - purifying catalyst 1 can be was 120 m² / g . In addition , the proportion of Al2O3 in 
further enhanced . alumina - zirconia composite oxide AZ1 was 55 % by mass 

[ Exhaust Gas - Purifying System ] and the proportion of ZrO2 was 30 % by mass . Subsequently , 
The exhaust gas - purifying system includes an internal 45 this mixture was dried to obtain a powder . Subsequently , the 

combustion engine which emits exhaust gas and an exhaust powder obtained was fired in the air at a temperature of 500 ° 
gas - purifying catalyst 1 installed in an exhaust gas emitting C. for 1 hour . A second supported catalyst S2A was thus 
channel . obtained . 
As the internal combustion engine , a lean - burn engine , a [ Preparation of Dispersion D1 ] 

gasoline engine , or a diesel engine can be used . An acidic solution was obtained by charging a platinum 
This exhaust gas - purifying system may further include a nitrate solution containing 5 g of Pt and a palladium nitrate 

three - way catalyst , a diesel oxidation catalyst ( DOC ) , a solution containing 1 g of Pd into a beaker . Subsequently , 
diesel particulate filter ( DPF ) , a selective catalytic reduction this acidic solution was stirred for 5 minutes or more at a 
( SCR ) system and the like in addition to the internal com stirring speed of 200 rpm or more using a stirrer . The pH of 
bustion engine and the exhaust gas - purifying catalyst 1 . 55 this acidic solution was 3.5 . Subsequently , TMAH ( tetram 
A three - way catalyst and DOC promote the oxidation of ethylammonium hydroxide ) was added to this acidic solu 

CO and HC in an oxidizing atmosphere and the reduction tion at a rate of 2 ml / min using a tube pump until the pH 
reaction of NOx in a reducing atmosphere . reached 12 , and the mixture was stirred for 30 minutes or 

It is preferable that at least either of the three - way catalyst more . Subsequently , this mixture was cooled to 25 ° C. and 
or DOC is installed between the internal combustion engine 60 filtered through filter paper ( No. 5C ) . Subsequently , pure 
and the exhaust gas - purifying catalyst 1. In the case of water was added to the obtained filtrate to obtain a disper 
employing such a configuration , at least a part of NO sion D1 of metal composite particles . The concentration of 
contained in the exhaust gas emitted from the internal the noble metal contained in this dispersion D1 was 6 % by 
combustion engine is first oxidized to NO2 by at least one of 
the three - way catalyst and DOC . Hence , in the case of 65 The average particle diameter of the noble metal particles 
employing such a configuration , the concentration of NO2 in the dispersion was measured using a sample adjusted so 
contained in the exhaust gas to be supplied to the exhaust that the noble metal concentration in this dispersion D1 was 

50 

mass . 
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0.1 % by mass by the method described above , and as a 0.1 % by mass by the method described above , and as a 
result , the average particle diameter was 2.0 nm . result , the average particle diameter was 16 nm . 

In addition , this dispersion D1 was subjected to Raman In addition , this dispersion D2 was subjected to Raman 
spectroscopic analysis by the method described above , and spectroscopic analysis by the method described above , and 
as a result , a peak in a range of 500 cm - 1 to 700 cm - 1 was as a result , a peak in a range of 500 cm - 1 to 700 cm - 1 was 
confirmed in the Raman spectrum attained . confirmed in the Raman spectrum attained . 

[ Preparation of Third Supported Catalyst S3A ] [ Preparation of Third Supported Catalyst S3B ] 
A dispersion D1 containing 1.5 g of Pt and 0.3 g of Pd and A third supported catalyst S3B was obtained by the same 

50 g of alumina A01 were mixed together and thoroughly method as that described in the example 1 except that the 
stirred . Subsequently , this mixture was dried to obtain a 10 dispersion D2 was used instead of the dispersion D1 . 
powder . Subsequently , the powder obtained was fired in the This third supported catalyst S3B was subjected to XRD 
air at a temperature of 500 ° C. for 1 hour . A third supported measurement , and the alloying rate of platinum and palla 

dium was measured by the method described above . As a catalyst S3A was thus obtained . result , the alloying rate was 50 % . This third supported catalyst S3A was subjected to XRD 
measurement , and the alloying rate of platinum and palla- 15 alloyed particles supported on the third supported catalyst In addition , the average particle diameter of the Pt - Pd 
dium was measured by the method described above . As a S3B was measured by the method described above , and as result , the alloying rate was 45 % . a result , the average particle diameter of the Pt - Pd alloyed 
In addition , the average particle diameter of the Pt - Pd particles was 15 nm . alloyed particles supported on the third supported catalyst [ Production of Catalyst B ] 

S3A was measured by the method described above , and as 20 An exhaust gas - purifying catalyst was obtained by the 
a result , the average particle diameter of the Pt - Pd alloyed same method as that described in the example 1 except that 
particles was 15 nm . the third supported catalyst S3B was used instead of the third 

[ Preparation of Fourth Supported Catalyst S4A ] supported catalyst S3A . Hereinafter , this exhaust gas - puri 
A palladium nitrate solution containing 0.2 g of Pd and 10 fying catalyst is referred to as a catalyst B. 

g of alumina A01 were mixed together and thoroughly 25 
stirred . Subsequently , this mixture was dried to obtain a Example 3 
powder . Subsequently , the powder obtained was fired in the 
air at a temperature of 500 ° C. for 1 hour . A fourth supported [ Preparation of Second Supported Catalyst S2C ] 
catalyst S4A was thus obtained . A second supported catalyst S2C was obtained by the 

[ Production of Catalyst A ] same method as that described in the example 1 except that 
A first slurry was obtained by mixing the entire amount of 50 g in 100 g of alumina - zirconia composite oxide AZ1 was 

the first supported catalyst S1A , the entire amount of the replaced with alumina - zirconia - magnesium composite 
oxide AZM1 . second supported catalyst S2A , the entire amount of the Incidentally , the crystal structure of alumina - zirconia fourth supported catalyst S4A , barium acetate , and 400 g of magnesium composite oxide AZM1 was a spinel type . In ion - exchanged water together . Subsequently , this first slurry 35 addition , the BET specific surface area of this alumina was applied onto a monolith honeycomb carrier , dried at a zirconia - magnesium composite oxide AZM1 was 180 m² / g . temperature of 250 ° C. for 1 hour , and then fired at a In addition , the proportion of A1,03 in this alumina - zirconia temperature of 500 ° C. for 1 hour to obtain a first catalyst magnesium composite oxide AZM1 was 65 % by mass , the 

layer . Incidentally , the amount of the first slurry coated per proportion of ZrO2 was 15 % by mass , and the proportion of 
unit volume of the first catalyst layer was 140 g / L , and the 40 MgO was 15 % by mass . 
concentration of barium acetate in the first catalyst layer was [ Production of Catalyst C ] 
0.2 mol / L . An exhaust gas - purifying catalyst was obtained by the 
Next , a second slurry was obtained by mixing the entire same method as that described in the example 1 except that 

amount of the third supported catalyst S3A , barium acetate , the second supported catalyst S2C was used instead of the 
and 150 g of ion - exchanged water together . Subsequently , 45 second supported catalyst S2A . Hereinafter , this exhaust 
this second slurry was applied onto the monolith honeycomb gas - purifying catalyst is referred to as a catalyst C. 
carrier provided with the first catalyst layer , dried at a 
temperature of 250 ° C. for 1 hour , and then fired at a Example 4 
temperature of 500 ° C. for 1 hour to obtain a second catalyst 
layer . Incidentally , the amount of the second slurry coated 50 [ Preparation of Second Supported Catalyst S2D ) 
per unit volume of the second catalyst layer was 50 g / L , and A second supported catalyst S2D was obtained by the 
the concentration of barium acetate in the first catalyst layer same method as that described in the example 1 except that 

100 g of alumina - zirconia - magnesium composite oxide was 0.2 mol / L . AZM1 were used instead of 100 g of alumina - zirconia An exhaust gas - purifying catalyst was thus obtained . composite oxide AZ1 . Hereinafter , this exhaust gas - purifying catalyst is referred to 55 [ Production of Catalyst D ] as a catalyst A. An exhaust gas - purifying catalyst was obtained by the 
same method as that described in the example 1 except that Example 2 the second supported catalyst S2D was used instead of the 
second supported catalyst S2A . Hereinafter , this exhaust [ Preparation of Dispersion D2 ] 60 gas - purifying catalyst is referred to as a catalyst E. 

A dispersion D2 was obtained by the same method as that 
described in the example 1 except that TMAH ( tetrameth Example 5 
ylammonium hydroxide ) was added until the pH of the 
acidic solution reached 13 . [ Production of Catalyst E ] 

The average particle diameter of the noble metal particles 65 An exhaust gas - purifying catalyst was obtained by the 
in the dispersion was measured using a sample adjusted so same method as that described in the example 1 except that 
that the noble metal concentration in this dispersion D2 was the amount of the first supported catalyst S1A contained in 



US 10,801,382 B2 
27 28 

the first slurry was decreased to two thirds from the entire [ Production of Catalyst H ] 
amount and the rest of first supported catalyst S1A was exhaust gas - purifying catalyst was obtained by the same 
added to the second slurry . Hereinafter , this exhaust gas method as that described in the example 1 except that the 
purifying catalyst is referred to as a catalyst E. Incidentally , second supported catalyst S2H was used instead of the 
the amount of the first slurry coated per unit volume of the 5 second supported catalyst S2A . Hereinafter , this exhaust 
first catalyst layer was 130 g / L and the amount of the second gas - purifying catalyst is referred to as a catalyst H. 
slurry coated per unit volume of the second catalyst layer 
was 60 g / L in the catalyst E. Example 9 

10 

15 

35 

Example 6 [ Preparation of Dispersion D3 ] 
A dispersion D3 was obtained by the same method as that [ Preparation of Third Supported Catalyst S3F ] described in the example 1 except that TMAH ( tetrameth A third supported catalyst S3F was obtained by the same ylammonium hydroxide ) was added until the pH of the 

method as that described in the example 1 except that 25 g acidic solution reached 7.0 . 
in 50 g of alumina A01 was replaced with 25 g of alumina The average particle diameter of the noble metal particles zirconia - magnesium composite oxide AZM1 . in the dispersion was measured using a sample adjusted so 

This third supported catalyst S3F was subjected to XRD that the noble metal concentration in this dispersion D3 was 
measurement , and the alloying rate of platinum and palla 0.1 % by mass by the method described above , and as a 
dium was measured by the method described above . As a 20 result , the average particle diameter was 15 nm . 
result , the alloying rate was 45 % . In addition , this dispersion D3 was subjected to Raman 

In addition , the average particle diameter of the Pt - Pd spectroscopic analysis by the method described above , and 
alloyed particles supported on the third supported catalyst as a result , a peak in a range of 500 cm - 1 to 700 cm- was 
S3F was measured by the method described above , and as a confirmed in the Raman spectrum attained . 
result , the average particle diameter of the Pt - Pd alloyed 25 [ Preparation of Third Supported Catalyst S3I ] 
particles was 15 nm . A third supported catalyst S3I was obtained by the same [ Production of Catalyst F ] method as that described in the example 1 except that the 
An exhaust gas - purifying catalyst was obtained by the dispersion D3 was used instead of the dispersion D1 . 

same method as that described in the example 1 except that This third supported catalyst S3I was subjected to XRD 
the third supported catalyst S3F was used instead of the third 30 measurement , and the alloying rate of platinum and palla 
supported catalyst S3A . Hereinafter , this exhaust gas - puri dium was measured by the method described above . As a 
fying catalyst is referred to as a catalyst F. result , the alloying rate was 30 % . 

In addition , the average particle diameter of the Pt - Pd Example 7 alloyed particles supported on the third supported catalyst 
S3I was measured by the method described above , and as a [ Preparation of Second Supported Catalyst S2G ] result , the average particle diameter of the Pt – Pd alloyed 

A platinum nitrate solution containing 0.4 g of Pt , a particles was 30 nm . 
palladium nitrate solution containing 0.2 g of Pd , and 110 g [ Production of Catalyst I ] 
of alumina - zirconia composite oxide AZ1 were mixed An exhaust gas - purifying catalyst was obtained by the together and thoroughly stirred . Subsequently , this mixture same method as that described in the example 1 except that 
was dried to obtain a powder . Subsequently , the powder the third supported catalyst S3I was used instead of the third 
obtained was fired in the air at a temperature of 500 ° C. for supported catalyst S3A . Hereinafter , this exhaust gas - puri 
1 hour . A second supported catalyst S2G was thus obtained . fying catalyst is referred to as a catalyst I. 

[ Production of Catalyst G ] 
An exhaust gas - purifying catalyst was obtained by the Example 10 

same method as that described in the example 1 except that 
the second supported catalyst S2G was used instead of the [ Preparation of Third Supported Catalyst S3J ] 
second supported catalyst S2A and the addition of the fourth A third supported catalyst S3J was obtained by the same supported catalyst S4A to the first slurry was omitted . 50 method as that described in the example 1 except that a Hereinafter , this exhaust gas - purifying catalyst is referred to platinum nitrate solution containing 1.5 g of Pt and a as a catalyst G. palladium nitrate solution containing 0.3 g of Pd were used 

instead of the dispersion D1 . Example 8 
Pt and Pd supported on this third supported catalyst S3J 

[ Preparation of Second Supported Catalyst S2H ] were subjected to XRD measurement , and it was not con 
A second supported catalyst S2H was obtained by the firmed that Pt and Pd were alloyed . In addition , the average 

same method as that described in the example 1 except that particle diameter of the Pt particles supported on the third 
100 g of alumina - zirconia - titania composite oxide AZT1 supported catalyst S3J was measured by the method 
was used instead of 100 g of alumina - zirconia composite 60 described above , and as a result , the average particle diam 
oxide AZ1 . eter thereof was 30 nm . 

Incidentally , the BET specific surface area of alumina [ Production of Catalyst J ] 
zirconia - titania composite oxide AZT1 was 100 m´ / g . In An exhaust gas - purifying catalyst was obtained by the 
addition , the proportion of A1,03 in this alumina - zirconia same method as that described in the example 1 except that 
titania composite oxide AZT1 was 50 % by mass , the pro- 65 the third supported catalyst S3J was used instead of the third 
portion of ZrO2 was 35 % by mass , and the proportion of supported catalyst S3A . Hereinafter , this exhaust gas - puri 
TiO2 was 10 % by mass . fying catalyst is referred to as a catalyst J. 
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Example 11 adsorption method , and as a result , the average particle 
diameter of the Pd particles was 2 nm . 

[ Production of Catalyst K ] [ Production of Catalyst M ] 
An exhaust gas - purifying catalyst was obtained by the An exhaust gas - purifying catalyst was obtained by the 

same method as that described in the example 1 except that 5 same method as that described in the example 1 except that 
the addition of the fourth supported catalyst S4A to the first the third supported catalysts S3M1 and S3M2 were used 
slurry was omitted . Hereinafter , this exhaust gas - purifying instead of the third supported catalyst S3A . Hereinafter , this 
catalyst is referred to as a catalyst K. exhaust gas - purifying catalyst is referred to as a catalyst M. 

Incidentally , the amount of the first slurry coated per unit 
volume of the first catalyst layer was 130 g / L in the catalyst 10 Example 14 
K. 

[ Preparation of Second Supported Catalyst S2N ] 
Example 12 A second supported catalyst S2N was obtained by the 

same method as that described in the example 1 except that 
[ Preparation of Second Supported Catalyst S2L ] g of alumina - zirconia composite oxide AZ2 was used 
A second supported catalyst S2L was obtained by the instead of 100 g of alumina - zirconia composite oxide AZ1 . 

same method as that described in the example 1 except that Incidentally , the BET specific surface area of alumina 
the amount of alumina - zirconia composite oxide AZ1 was zirconia composite oxide AZ2 was 80 m² / g . In addition , the 
changed from 100 g to 50 g . proportion of A1,0 , in this alumina - zirconia composite 

[ Preparation of Third Supported Catalyst S3L ] 20 oxide AZ2 was 50 % by mass and the proportion of ZrO2 was 
A third supported catalyst S3L was obtained by the same 45 % by mass . 

method as that described in the example 1 except that the [ Production of Catalyst N ] 
amount of alumina A01 was changed from 50 g to 100 g . An exhaust gas - purifying catalyst was obtained by the 

This third supported catalyst S3L was subjected to XRD same method as that described in the example 1 except that 
measurement , and the alloying rate of platinum and palla- 25 the second supported catalyst S2N was used instead of the 
dium was measured by the method described above . As a second supported catalyst S2A . Hereinafter , this exhaust 
result , the alloying rate was 45 % . gas - purifying catalyst is referred to as a catalyst N. 

In addition , the average particle diameter of the Pt - Pd 
alloyed particles supported on the third supported catalyst Example 15 
S3L was measured by the method described above , and as a 30 
result , the average particle diameter of the Pt - Pd alloyed [ Production of Catalyst O ] 
particles was 15 nm . An exhaust gas - purifying catalyst was obtained by the 

[ Production of Catalyst L ] same method as that described in the example 1 except that 
An exhaust gas - purifying catalyst was obtained by the the addition of the first supported catalyst S1A to the first 

same method as that described in the example 1 except that 35 slurry was omitted but the entire amount of the first sup 
the second supported catalyst S2L was used instead of the ported catalyst S1A was added to the second slurry . Here 
second supported catalyst S2A and the third supported inafter , this exhaust gas - purifying catalyst is referred to as a 
catalyst S3L was used instead of the third supported catalyst catalyst O. Incidentally , the amount of the first slurry coated 
S3A . Hereinafter , this exhaust gas - purifying catalyst is per unit volume of the first catalyst layer was 110 g / L and the 
referred to as a catalyst L. Incidentally , the amount of the 40 amount of the second slurry coated per unit volume of the 
first slurry coated per unit volume of the first catalyst layer second catalyst layer was 80 g / L in the catalyst O. 
was 90 g / L and the amount of the second slurry coated per 
unit volume of the second catalyst layer was 100 g / L in the Example 16 
catalyst L. 

[ Production of Catalyst P ] 
Example 13 An exhaust gas - purifying catalyst was obtained by the 

same method as that described in the example 1 except that 
[ Preparation of Third Supported Catalyst S3M1 ] the entire amount of the third supported catalyst S3A was 
A platinum nitrate solution containing 1.5 g of Pt and 25 added to the first slurry and the formation of the second 

g of alumina A01 were mixed together and thoroughly 50 catalyst layer was omitted . Hereinafter , this exhaust gas 
stirred . Subsequently , this mixture was dried to obtain a purifying catalyst is referred to as a catalyst P. Incidentally , 
powder . Subsequently , the powder obtained was fired in the the amount of the first slurry coated per unit volume of the 
air at a temperature of 500 ° C. for 1 hour . A third supported first catalyst layer was 190 g / L in the catalyst P. 
catalyst SGM1 was thus obtained . < Evaluation on NO , Purification Rate by Exhaust Gas 

In addition , the average particle diameter of Pt supported 55 Purifying Catalyst > 
on this third supported catalyst S3M1 was measured by a CO The NO purification performance of the catalysts A to P 
pulse adsorption method , and as a result , the average particle was evaluated . 
diameter of the Pt particles was 5 nm . Specifically , first , each of the catalysts A to Pwas installed 

[ Preparation of Third Supported Catalyst S3M2 ] in an exhaust system of a motor vehicle equipped with a 
A palladium nitrate solution containing 0.3 g of Pd and 25 60 gasoline engine . Subsequently , the engine was driven for 50 

g of alumina A01 were mixed together and thoroughly hours in a state in which the temperature of the catalyst bed 
stirred . Subsequently , this mixture was dried to obtain a was maintained at a temperature of 730 ° C. 
powder . Subsequently , the powder obtained was fired in the Subsequently , each catalyst was removed from the motor 
air at a temperature of 500 ° C. for 1 hour . A third supported vehicle , and this catalyst was installed in an engine bench 
catalyst S3M2 was thus obtained . 65 equipped with a gasoline engine of 2.0 L displacement . 

The average particle diameter of Pd supported on this Subsequently , the engine was warmed up , then an air - fuel 
third supported catalyst S3M2 was measured by a CO pulse mixture having an air - fuel ratio of 13 was supplied to the 
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combustion chamber , and reducing exhaust gas was emitted layer is described in the row written as the “ third supported 
from the engine until approximately the entire NOx in the catalyst " and " fourth supported catalyst " , respectively . 
catalyst was discharged . Thereafter , an air - fuel mixture In addition , in Table 1 above , the kind of inorganic oxide 
having an air - fuel ratio of 20 was supplied to the combustion contained in the third heat resistant carrier is described in the 
chamber , and oxidizing exhaust gas was emitted from the 5 row written as the “ third heat resistant carrier ” in the still 
engine until the total amount of NO , supplied to the catalyst lower row under the heading “ third supported catalyst " 
reached 5 g . Subsequently , an air - fuel mixture having an among the lower rows under the heading “ second catalyst air - fuel ratio of 13 was supplied to the combustion chamber , layer ” . The alloying rate of Pt and Pd supported on the third and reducing exhaust gas was emitted from the engine for 10 supported catalyst is described in the row written as the seconds . " alloying rate ( % ) " . Whether or not the first supported Subsequently , the purification rate to be calculated by the catalyst is contained in the second catalyst layer is described following equation was determined as the NO , purification in the row written as the " first supported catalyst ” . performance . 

Furthermore , in Table 1 above , the NOx purification rate 
NOx purification rate ( % ) = ( NOx amount input - NOx attained in the performance evaluation of exhaust gas amount output ) / NOx amount inputx100 purifying catalyst described above is described in the row 

Here , the “ NO , amount input " means the total amount of written as the “ NO , purification rate ( % ) " . 
NO , contained in the exhaust gas supplied to the catalyst . FIG . 6 is a graph illustrating an example of the NOx 
The “ NO , amount output ” means the total amount of NOx purification rate . FIG . 6 has been created using the data 
contained in the exhaust gas discharged from the catalyst . attained in Examples 1 to 16. As apparent from FIG . 6 and 

This result is presented in Table 1 . Table 1 , among all the supported catalysts which include a 

10 

15 

TABLE 1 

First catalyst layer Second catalyst layer 

Second supported catalyst 

Specific Third supported catalyst NOX 
First Second heat 
supported resistant 
catalyst carrier 

Content 
( g / L ) 

surface 
area Noble 

( m² / g ) metal 

Third Fourth Third heat 
supported supported resistant 
catalyst catalyst carrier 

First 
Alloying supported 
rate ( % ) catalyst 

purifi 
cation 

rate ( % ) 
Example 1 
Example 2 
Example 3 

Presence 
Presence 
Presence 

100 
100 
50 
50 

120 
120 
150 

Pt 
Pt 
Pt 

Absence 
Absence 
Absence 

Presence 
Presence 
Presence 

Al2O3 
Al2O3 
Al2O3 

45 
50 
45 

Absence 
Absence 
Absence 

80 
81 
81 

Al2O3 * Zr02 
Al2O3 • ZrO2 
Al2O3 • ZrO2 
Spinel - type 
oxide 
Spinel - type 
oxide 
Al2O3 • ZrO2 
Al2O3 • ZrO2 

Example 4 Presence 100 180 Pt Absence Presence Al2O3 45 Absence 82 

Example 5 
Example 6 

Presence 
Presence 

100 
110 

120 
120 

Pt 
Pt 

Absence 
Absence 

Presence 
Presence 

45 
45 

Presence 
Absence 

81 
81 

Pt , Pd Example 7 
Example 8 
Example 9 
Example 10 
Example 11 
Example 12 
Example 13 

Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 

Al2O3 • ZrO2 
Al2O3 • ZrO2.TiO2 
Al2O3 • ZrO2 
Al2O3 • ZrO2 
Al2O3.ZrO2 
Al2O3 • ZrO2 
Al2O3 • ZrO2 

100 
100 
100 
100 
100 
50 
100 

120 
100 
120 
120 
120 
120 
120 

Pt 
Pt 
Pt 
Pt 
Pt 
Pt 

Absence 
Absence 
Absence 
Absence 
Absence 
Absence 
Absence 

Absence 
Presence 
Presence 
Presence 
Absence 
Presence 
Presence 

Al2O3 
Al2O3 
Spinel - type 
oxide 
Al2O3 
Al2O3 
Al2O3 
Al2O3 
Al2O3 
Al2O3 
Al2O3 

45 Absence 
45 Absence 
30 Absence 

Absence 
45 Absence 
45 Absence 

Individually Absence 
supported 

45 Absence 
45 Presence 

Absence 

77 
80 
75 
75 
73 
70 
72 

6 Example 14 
Example 15 
Example 16 

Presence 
Absence 
Presence 

Al2O3.ZrO2 
Al2O3 • ZrO2 
Al2O3 • ZrO2 

100 
100 
100 

80 
120 
120 

Pt 
Pt 
Pt 

Absence 
Absence 
Presence 

Presence 
Presence 
Presence 

Al2O3 
Al2O3 

69 
68 
55 

In Table 1 , whether or not the first supported catalyst is catalyst layer having a two - layer structure and are contained 
contained in the first catalyst layer is described in the row in the exhaust gas - purifying catalyst 1 and in which the first 
written as the “ first supported catalyst ” among the lower catalyst layer contains palladium , and the specific surface 
rows under the heading “ first catalyst layer ” . The kind of 55 area of the second heat resistant carrier is larger than 100 
inorganic oxide contained in the second heat resistant carrier m² / g , and the alloying rate of Pt and Pd supported on the 
is described in the row written as the " second heat resistant third supported catalyst is 40 % or more , the catalysts A to H 
carrier ” among the lower rows under the heading “ second having the highest proportion of the second supported 
supported catalyst ” . The amount of the second supported catalyst exhibited a higher NOx purification rate as compared 
catalyst contained in the first catalyst layer per unit volume 60 with the catalysts I to P which do not satisfy at least one of 
is described in the row written as the “ content ( g / L ) " . The these requirements . 
specific surface area of the second heat resistant carrier is FIG . 7 is a graph illustrating an example of the relation 
described in the row written as the “ specific surface area between the alloying rate and the NOx purification rate . FIG . 
( m² / g ) ” . The kind of noble metal supported on the second 7 has been created using the data attained in the example 1 , 
supported catalyst is described in the row written as the 65 example 2 , and example 9. In the graph illustrated in FIG . 
“ noble metal ” . In addition , whether or not the third and 7 , the vertical axis at the left end of the graph represents the 
fourth supported catalysts are contained in the first catalyst alloying rate of Pt and Pd supported on the third supported 
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catalyst and the vertical axis at the right end of the graph second heat resistant carrier , palladium , and a first 
represents the NOx purification rate attained for the exhaust nitrogen oxide storage material , 
gas - purifying catalyst . the second catalyst layer contains a mixture of a third 
As illustrated in FIG . 7 , the catalysts having an alloying supported catalyst and a second nitrogen oxide storage 

rate of Pt and Pd supported on the third supported catalyst 5 material , the third supported catalyst containing a third 
of 40 % or more tend to have a higher NOx purification rate heat resistant carrier and platinum and palladium sup 
as compared with the catalysts having an alloying rate of Pt ported by the third heat resistant carrier , and the third and Pd supported on the third supported catalyst of less than supported catalyst having an alloying rate of platinum 
40 % . and palladium of 40 % or more , and FIG . 8 is a graph illustrating an example of the relation 10 a mass of the second supported catalyst is greater than a between the amount of spinel oxide per unit volume and the 
NO , purification rate . FIG . 8 has been created using the data mass of the first supported catalyst and greater than a 

mass of the third supported catalyst , and attained in the example 1 , example 3 , example 4 , and at least one of the second heat resistant carrier and the example 6. In the graph illustrated in FIG . 8 , the vertical axis third heat resistant carrier contains an inorganic oxide at the left end of the graph represents the amount of oxide 15 
which has a spinel - type crystal structure and is contained in having a spinel - type crystal structure . 
the second heat resistant carrier and third heat resistant 2. The exhaust gas - purifying catalyst according to claim 
carrier per unit volume and the vertical axis at the right end 1 , wherein palladium contained in the first catalyst layer is 
of the graph represents the NOx purification rate attained for supported by the second heat resistant carrier . 
the exhaust gas - purifying catalyst . 3. The exhaust gas - purifying catalyst according to claim 
As illustrated in FIG . 8 , the NOx purification rate of 2 , wherein the second catalyst layer further contains the first 

exhaust gas - purifying catalyst tends to be high when at least supported catalyst . 
one of the second heat resistant carrier and the third heat 4. The exhaust gas - purifying catalyst according to claim 
resistant carrier contains an oxide having a spinel - type 2 , wherein the first and second nitrogen oxide storage 
crystal structure . materials contain a carbonate or oxide containing at least 
FIG . 9 is a graph illustrating an example of the relation one element selected from the group consisting of barium , 

between the specific surface area of the second heat resistant potassium , lithium , and cerium . 
carrier and the NOx purification rate . FIG . 9 has been created 5. The exhaust gas - purifying catalyst according to claim 
using the data attained in the example 1 , example 3 , example 1 , wherein palladium contained in the first catalyst layer is 
4 , and example 14. In the graph illustrated in FIG . 9 , the 30 supported by a fourth heat resistant carrier . 
vertical axis at the left end of the graph represents the BET 6. The exhaust gas - purifying catalyst according to claim 
specific surface area of the second heat resistant carrier and 5 , wherein the second catalyst layer further contains the first 
the vertical axis at the right end of the graph represents the supported catalyst . 
NOx purification rate attained for the exhaust gas - purifying 7. The exhaust gas - purifying catalyst according to claim 
catalyst . 5 , wherein the first and second nitrogen oxide storage 
As illustrated in FIG . 9 , the NOx purification rate of materials contain a carbonate or oxide containing at least 

exhaust gas - purifying catalyst tends to be high when the one element selected from the group consisting of barium , 
specific surface area of the second heat resistant carrier is potassium , lithium , and cerium . 
large . 8. The exhaust gas - purifying catalyst according to claim 
What is claimed is : 1 , wherein an amount of the inorganic oxide having a 
1. An exhaust gas - purifying catalyst comprising : spinel - type crystal structure per unit volume is 30 g / L or 
a substrate ; 
a first catalyst layer supported by the substrate ; and 9. The exhaust gas - purifying catalyst according to claim 
a second catalyst layer provided on the first catalyst layer , 1 , wherein the second catalyst layer further contains the first 

wherein supported catalyst . 
the first catalyst layer contains a mixture of a first sup 10. The exhaust gas - purifying catalyst according to claim 

1 , wherein the first and second nitrogen oxide storage ported catalyst containing a first heat resistant carrier 
and rhodium supported by the first heat resistant carrier , materials contain a carbonate or oxide containing at least 
a second supported catalyst containing a second heat one element selected from the group consisting of barium , 
resistant carrier having a BET specific surface area of 50 potassium , lithium , and cerium . 
100 m?lg or more and platinum supported by the 
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